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I. INTRODUCTION 
Immunological response, one ot the most important factors in the defense 
of the organism against disease, is essentialLY the formation of antibodies. 
To understand this response one requires a knowledge of the mechanism of anti-
boq, for.mation. Before the conditions that control the formation of a new 
chemical compound can be determined, the characteristics of the molecule must 
first be established. This knowledge is achieved onlY after a careful stuqy 
of the physical and chemical properties ot the compound in comparison with 
those ot known substances. When the chemistry of antibodies is understood, 
the mode of antibo~ bios.ynthesis may become capable of solution. 
Although antibodies are now believed to be serum globulins, only thirty 
years ago the controversy concerning the nature ot antibodies centered around 
the qaestion of whether or not antibodies are proteins. Although several 
investigators, Frinke1 (32), Ol1tzki (68) and others have claimed to have 
isolated non-protein antibodies, all attempts b,y other workers to confirm 
these results have been unsaccess£ul. By 1938 the evidence on behalf of 
the protein nature of antibodies was fairly conclusive. A comprehensive review 
by Marrack (56) emphasizes the following points. In the first p1.ace, it has 
not as yet been possible to separate the antibo~ activity of serum from the 
globulin fraction by a~ method of precipitatio~, or adsorption, or electro-
phoresis. Also, there is a verr definite correspondence between" the destruction 
of antibodies b.r heat, alcohol, or acid, and the denaturation of proteins b.r 
-1-
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these agents. Proteolytic ens,ymes such as pepsin and tr.ypsin will destro,y 
antibody activity. Several investigators (11,64) have observed that chemical 
modification of serum proteins reduces the activity of antibodies in the 
serum. Further evidence of the protein nature of antibodies has been 
derived from ~tudies ot antigen-antibo~ complexes. These precipitates 
alw~s contain more protein than the antigen alone can account for. Felton 
(30), by dissolving the specitic precipitate fonned by antiboqy and the 
~ 
polYsaccharide of TYPe I pneumococcus, obtained a protein which was 85 per 
cent reprecipitab1e with the specific polysaccharide. Even more striking 
evidence is found in the work of Heidelberger and Kabat (39,40). These 
workers observed that the total amount of protein nitrogen precipitated 
fram an antipneumococcal horse serum by the specific pol7saccharide is equal 
to the amount carried down by pneumococci of the same type when they are 
agglutinated by the antiserum.' If the protein were being adsorbed non-
specificall.y, along with a non-protein antibody, it would be extremely 
unlikely that the amount of adsorbed protein would be identical under these 
diverse conditions. Indeed, there remains little question that antibodies 
are serum globulins. 
How antiboqy globulin differs from nor.ma1 seram globulin is as yet 
unexplained. The electrophoretic properties, the chemical composition, 
the size and the shape of antibo~ and normal globulins have been compared 
by various investigators with the hope of solving this problem. 
Electrophoretic studies ot immune sera have shown that although anti-
bodies ~ occur in any of the globulin fractions of serum, the.r are usua~ 
present in the K-g1obulin fraction. Tise1ius and Kabat (110), van der Scheer 
~ al. (60,112,1l3) and Pappenheimer et a1. (72) have analyzed immune globulin 
-3-
tractions e1ectrophoretica1lf and have observed that the antibodies are present 
in the most slowly moving globulin fraction1, the 't -globulin. More direct proof 
that the ~-globu1in component is an antibo~-containing fraction is obtained 
by comparing the electrophoretic pattern of immune serum with that of the 
same serum after the removal of antibodies b.1 precipitation with the specific 
antigen. Tiselills and Kabat (110) observed that the removal in this manner 
of anti bodies from inrmune sera of the rabbit and monkey prodllced a marked 
decrease in the ~-globulln content. Van der Scheer and his coworkers (113) 
reported a similar reduction in the amount of ¥ -globulin in antipneumococca1 
horse serum after removal of the antiboqy with the specificpo~saccharide. 
In m.ost antitoxic horse sera, however, a new globulin component with an 
electrophoretic mobility between the ~- and ¥-globalins, the T-g1obulin 
fraction, is evident and is found to carry' the antibody activity alone or 
with the «-globulin. Deutsch, Nichol and Cohn (26) have reported antibody 
activity associated with theoC-g1obulin fraction of chicken serum. It is 
evident fram these reports that antibodies may ocear in any globulin fraction. 
The distribution of antibodies in the various globulin fractions is 
complex. Smith and Ger10ugh (95) fractionated horse immune serum by alcohol 
precipitation techniques. They observed tetanus antitoxin to be present 
in at least three protein fractions: T-g1obulin, t-g1obulin and a ~-globulin 
fraction. In man most of the antibodies are found in Fraction II of Cohn 
1 The conditions of electrophoresis suggested by Longsworth (55), namely, 
electrophoresis at pH 8.5 to 8.6 in a verona1 butfer of 0.1 ionic strength, 
produces a separation of serum constituents into albumins, 0(-, ,,-, and ¥-globulins, 
the latter being the slowest moving components. 
-4-
!1 al. (20), a fraction which is mostly' if-globulin. However, it has been 
reported b;y Oncley (69) that typhi 0 antibodies and isoagglutinins are 
primaril1 found in Fra~tion III-l, a ~-globu1in. 
Fractionation of the t-globulin of several species b;y chemical and 
p~sical procedures has been described by ma~ investigators (19,20,23,66,69). 
Such fractions can be further subdivided in the electrophoresis-convection 
apparatus of Kirkwood (50) into (-globulins differing in electrophoretic 
m.obil! t;r and isoelectric point. In other words, the 't -globulin of whole 
human serum appears to be a heterogeneous mixture of proteins. Nevertheless, 
Oncley: !1 al. (69) have shown that in h1l1D&ll t -globulin the antibodies to 
several different antigens are equally distributed in Fractions II-l,2 and 
II-3, subfractions of Fraction II. 
Recent studies of Cann and coworkers (17) have demonstrated that anti-
bodies from the same animal with different specific combining affinities 
can be separated on the basis ot a difference in their electrophoretic 
properties. Electrophoresis-convection was used in this stu~. A relative 
separation of the antibodies tormed against the globulin portion of the 
antigen from those formed against the phe~larsonate derivative was achieved. 
The isoelectric point of antibodies determined from electrophoretic 
data 1s usually' within the range characteristic for normal ¥-globulins, 
namel1, pH 5.8 to 6.8. Lower isoelectric points of antibodies produced b.1 
horses, cattle and hogs against pneumococcus polysaccharides have been 
observed by several investigators; these studies have been s\1l'DlD&rized b.1 
Kabat and Ma;yer (48). 
The studies mentioned in the preceding paragraphs I as well as many 
-5-
others reviewed by Smith and Jager (98), indicate that certain antibodies in 
man and other species ~ be concentrated se1ective~ in one or anotner sub-
fractions of ~-globulin and at times even in other globulin fractions. 
Specific antibodies have also been found to be distributed throughout the 
serum globulin and not associated with aqy one seram component. 
:Much of the work previo\1.sl;r reported on the chemical anal;rsis of anti-
bodies has been carried out on ¥-globulin fractions of immune and normal sera. 
The amino acid and carbohydrate content of such globulin fractions isolated 
by alcohol precipitation from b'llD&n, equine and bovine sera have been reported 
by Brand (8) and bY'Smith and coworkers (96,97). Their results, summarized 
bY' Smith and Jager (98), are reproduced in part in Table 1. These data are 
for certain globulin fractions, each fraction containing ~ antibodies. 
The complete amino acid composition of a purified specific antib~ has not 
been determined. Although the proteins in Table 1 are ver.r similar, species 
differences and differences between fractions of difterent electrophoretic 
mobility obtained from the same species are apparent. 
Porter (80) has recent13' shown t.hat nomal. rabbit }{-globulin and rabbit 
ant~ovalbu:miil each possess a single N-terndnal residue, alanine and the 
same N-terminal peptide sequence, a1aqylleuc.r1valr1aspart71g1ut~1. The 
naber of reactive E -amino groups of lysine is identical for both prepara-
tions. These experimental data suggest that rabbit a-globulin, unlike the 
~-globulins of other species, is not a heterogeneous mixture of proteins of 
var,ring amino acid composition. 
Considerable data have been obtained from ultracentrifug8.l. studies 
concerning the size and shape of antibodies isolated fram specific antigen-
-6-
TABLE 1 
COMPOSITION OF :ooroNE PROTEINS 
The data are given as gm. of constituent per 100 gm. of anh1'drous protein. 
The values for bovine 0 -globalin are averages for two preparations. The compo-
sition of hwnan (-globulin 11-1 was reported by Brand (8). All other analy'ses 
except where specificallY mentioned were perfo~ed b.r Smith and coworkers 
(96,97). 
H1.1m&l Human Human Bovine Bovine Equine Equine 
¥-glob- ~-glob- ~glob- ~-glob- T-g1ob- r-2- T(t -1)-
Constituent ulin ulin ulin ulin 1Ilin glob- glob-
11-1 11-1,2 11-.3 ulin ulin 
Arginine 4.8 5.1 .3.7 5.8 4.8 .3.8 2.8 
Aspartic Acid 8.8 
Cystine .3.1 2.6 2.7 2.9 2.8 2.6 2.5 
Glutamic Acid 11.8 
GlJrcine 4.2 
Histidine 2.50 2.01 1.91 2.05 2.01 2.44 2.4.3 
Isoleucine 2.7 2.8 2.0 .3.2 .3.0 4.4 .3 • .3 
Leacine 9 • .3 9 • .3 9.5 1.4 8.6 9.0 7.5 
I;;ysine 8.1 7.2 6 • .3 6.7 6.4 8.6 6.7 
Methionine 1.06 1.12 0.87 1.18 1.00 0.95 0.72 
Phe1l71alanine 4.6 4.5 4.7 .3.2 4.5 4.4 4.1 
Proline 8.1 
Serine 11.4 
Threonine 8.4 8.8 7.4 10.0 9.5 11.1 8.7 
Tryptophan 2.86 2.6 2.8 2.6 2.6 2.7 2.8 
Tyrosine 6.75 6.8 6.8 
Valine 9.7 9.7 9.7 10.0 9.5 10.1 10.4 
Hexose 2 • .3 2.3 2.1 2.5 2.5 2.6 
Hexosamine 1.27 1.2.3 1/31 1.50 1.18 1.5.3 
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antibo~ precipitates. Kabat (47), determining the molecular weights of 
various antipneumococcal antibodies f~ sedimentation data, found that rabbit 
and monkey anti bodies have a molecular weight of about 160,000 to 180 ,000. 
This is the accepted molecular weight of normal1!-globulins. However, the 
bovine, equine and porcine antipneumococca1 antibodies are much larger 
molecules having a moleeu.lar weight of 900,000. Pappenheimer and coworkers 
(72) found the molecular weight of equine diphtheria antitoxin to be 180,000. 
Several investigators (24,25,70,92,93) have demonstrated variable amounts of 
heavy components in ~-globulin and T-globulin fractions of high electro-
phoretic purity obtained from human, bovine and equine serum as well as from 
bovine' colostrum. and milk. Smith (92) and others have suggested that these 
heavy components are due to pol1meric association of the lighter"normal 
~-globulin molecules. Cann and coworkers (16) from e1ectrophoresis-
convection studies of human, bovine and rabbit seram have also concluded that 
the heavier ~-globulins are artefacts fonned during the alcohol fractiona-
tion procedures. As was previous~ mentioned, the specifically precipitated 
antipneumococcal antibod.7 from horse serum appears to be composed entireJ.;r 
of the heav,r t-globulin. It seems essential that the pneumococcal anti-
bodies isolated from horse antiserum by electrophoresis-oonvection and b.r 
specific precipitation be compared before the existence of a natura~ 
occurring heav;, «"lSlobulin can be excluded. 
Ultracentrifugal and diffusion data indicate that both antibodies 
and no~ (-globulins are elongated in shape. Campbell and Bulman (15) 
have calculated the dimensions of several antibodies from frictional ratios. 
They report, for example, that the rabbit antiboqy against ovalbumin has the 
dimensions 244X x 24X. 
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Campbell and his associates (14) have determined the mo17cular weight of 
the rabbit antiboqy against p-phe~larsonic acid from light scattering data 
to be 160,000. This is in complete agreement with the value calculated from 
sedimentation and diffusion data. 
In short, all properties of purified antibodies appear to be the same 
as those of normal serum globulins. Not only the amino acid composition of 
the antibodies, but also the molecular weight, the isoe1ectric point and other 
p~sicochemica1 properties are essentially the same as those properties of 
nor.mal globulins. Although slight differences between normal and antiboqy 
globulins have been observed, similar differences exist between various 
globulin fractions of normal serum. 
Antibodies and normal serum globulins are serologically distinct. There-
fore, it is obvious that they must differ in some manner. In 1930 Brein1 
and Hau+owitz (10,37) advanced the hypothesis that "the globulins are the 
tnt. antibodies and that their antibod7 function is due to the complementary 
adaptation of their shape to the shape of the antigen". Similar hypotheses 
were advanced inde~ndentl:y by' Alexander (1) and Mudd (63). Since the 
strong dete~nant groups of antigen molecules are polar groups, it was 
assumed that their electrostatic torces directed the amino acid precursors 
of the'protein into definite positions in such a way that the antibody so 
,fo,med would be adapted in a manner eomp1ementa17 to the determinant group 
of the antigen. This could be achieved either by changes in the sequence 
~f amino acids in the pep~ide ,,:hain or by a different mode of folding of 
th~ peptide chain. 
Pauling (74) accepted ,this co.mplementariness' h1Pothes~s and 'advanced 
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the theor.r that the difference between normal and 8.nt~body globulin is merely 
a difference in the way the pol3Peptide chain is felded or coiled. The basis 
of this theor.r is the assumption that antibo~ protein is synthesized in 
spatial contact with the determinant groups of the antigen. Pauling assumes 
that antibody globulin is synthesized first b.Y the formation of a long un-
coiled polJpeptide chain that is identical with the preearsor of normal 
globulin or aqy other antibo~ molecule. The chain is then folded to 
produce the configuration of greatest stabilit;y. The final stracture is 
maintained by intramoleclilar h7drogen bonding. He assumes that for the 
central part of the chain there is one configuration that is more stable 
than &n'1' other. This stra.cture would be common to normal globulin and 
antiboqy molecules. The two ends of the chain, o~ the other hand, can exist 
in ~ configurations of similar energy. When the folding process occurs 
with the two ends of the chain in contact with the antigen, the configuration 
which provides a complemental")" structure to the antigenic determinant group 
is adopted. This theor.r, commonly referred to as the Haurowitz-Mudd-Pauling 
theor.r of antibody formation assumes that the antigen is present in antiboqy-
producing cells throughout the period of antibody' production. 
If antibodies differ from normal globulins onlT b.r variation in spatial 
configuration, it would seem possible that nor.malglobalins could be con-
verted to antibodies b.Y an unfolding and refolding of their peptide chain in 
the presence of antigen. Pauling and Campbell (75) reported the production 
of antibodies in vitro b;y the action of mild denaturing agents on bovine 
t-globul!n and other serum proteins in the presence of certain antigens. 
These antibodies reporte~ agglutinated the specific pneumococci and pre-
cipitated the specific pol1saccharide. Haurowitz (37,38) later attempted 
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similar experiments with no success. The results obtained by Pauling and 
Campbell (75) were subsequently found to be due to nonspecific adsorption. 
Under controlled conditions of pH, the reversibly denatured ¥-globulin caused 
no precipitation or agglutination (1.3). 
Specific antibodies, being proteins, are themselves antigenic. Treffers 
and Heidelberger (11) immunized chickens with the specific precipitates of 
horse antiserum. to pneumococcus 1)pe I and II polysaccharide. They failed 
to find an antigenic difference although antigenicity is recognized as 
one of the most sensitive methods of detecting structural differences between 
protein molecules. Of course, because antigen-antibo~ precipitates were 
used as the antigens, the determinant groups or combining sites of the anti-
boq, were masked with polysaccharide. According to Pa~ngts hypothesis, 
the remainder of the molecules would be identical. This may expalin the 
observed results. 
The fact that antibodies are not produced i!! !!!2. by a refolding of 
normal globalin is made clear by the experiments of Heidelberger ~!!. (44). 
When rabbits were injected with antibodies and N15 amino acids no uptake 
of ~5 by the preformed antibodies was observed. This group of workers also 
showed that although antibodies are formed at the same rate as normal serum. 
globulins the,y are not fer.med from these existing proteins. 
The main opponent of Paulingts view that antigens playa direct role in 
antibod;y synthesis is Barnet. Although Burnet believes that antibody formation 
is initiated by the antigen, he believes that the production of certain anti-
bodies can occur long after the antigen has disappeared from the organism. 
In order to explain the synthesis of antibn~teR in the absence of antigen, 
Bumet and Fenner (12) postulate tha.t the antigen specifically modifies the 
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cellular en~es necessar,y for globulin synthesis thus producing new enz.ymes 
w.ith the ability to synthesize an antibody' capable of reacting specifica.lly' 
with the antigen. They believe that these "adaptive enzymes" reproduce 
themselves even after the disappearance of antigen. 
There is insufficient information about the chemistl'7 of '(-globulins and 
pare antibodies to decide at present if either of these theories is correct in 
its entirety. The understanding ot antibody' formation necessitates a knowledge 
of the mechanism of protein qnthesis. This in turn requires a knowledge 
of the amino acid sequence in the protein, the spatial configuration of the 
peptide chain and the position of attachment of prosthetic groups. . Even with 
the techniqQes and analJtical instruments available to~, this detailed 
infomafton 1s aatt.a1nable. However, it did seem possible that useful experi-
mental data could be obtained. It has, therefore, been the purpose of this 
investigation to stuqy the chemistr,y of several specific rabbit antibodies, 
as well as the chemistr,y of certain normal and immune globulin tr.actions of 
bulan, equine and bovine plasma. Also, because patients with multiple JlJ1'eloma, 
a malignant disease of the plasma cells (considered by" Fagraeu.s (20,29) to 
be responsible for antibod;r production) are Jmown to produce abnormal globulins, 
certain lVeloma proteins have also been investigated. By making use of the 
invaluable techniques of Sanger (86,87) to determine the sequence of amino acids 
at the N-terminal end of a peptide chain and b.r perfor.ming accurate amino acid 
ana~ses of specific antibodies b7 the method of Moore and Stein (62) it was 
hoped that controlled experimental data might be obtained supporting one or 
other of the two prevailing theories of antibody' formation. 
II. MATERIALS 
A. 2,4-Dinitropheny'1-Amino Acids 
The cr,ystalline 2,4-dinitrophenyl-(DNP-) derivatives of g~eine, L-
alanine, L-valine, L-isoleacine, L-proline, DL-serine, DL-methionine, L-
tr,yptophan and the di-DNP-derivatives of L-~sine, L-histidine, L-c,ystine 
and E -DNP-L-ly"sine were prepared by Dr. N. C. Davis according to the method of 
Sanger described by Porter (82). DNP-L-aspartic ,aCid, DNP-DL-glutamic acid, 
DNP-L-threonine, DNP-L-arginine, DNP-L-leucine and di-DNP-L-tyrosine were pre-
pared in the same manner by' the author and Dr. Davis. DNP-L-phenylalanine 
was prepared by Dr. A. Da.nnenberg by the standard procedure. Dr. E. O. P. 
Thompson supplied a sample ot DNP-L-asparagine. The melting points of the 
cT7st.alline compounds agree with those reported by Porter (82) and Rao and 
Sober (8S). The 2,4-dinitrofluorobenzene (DNFB)u.sed· in the preparation of 
these reference compounds and the DNP-proteins was obtained from Eastman 
Organic Chemicals. 
B. Rabbit t-Globulin Solutions 
Solutions of ~-globulins obtained from immune sera of rabbits immunized 
against TrPes I, II, III, IV, V, VII, VIII and XIV pneumococcal polysaccharides 
werp given to Dr. E. L. Smith by E. R. Squibb and Sons. These solutions con-
tain about 20 per cent protein. Approximately" 20 per cent of the total 
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protein is specific antibody' • Subsequently, a preparation of the total protein 
will be referred to as rabbit t-globulin I and II, whereas, the specific 
antigen-antibo~ precipitates will be called rabbit antibodY I and II. 
c. Pneumococcal Polysaccharides 
T.Jpes.I, II, III, IV, V, VII, VIII and XIV pneumococcal polYsaccharides, 
nbsequentlT designated as SI and SII were also supplied by' E. R. Squibb md 
Sons. 
D. HtmI&Il Serum Globulins 
Human t -globulins 11-1,2 and II-j were obtained from Dr. E. L. Smith. 
Thq have been previously characterized by ultraeentrifugal, electrophoretic 
and amino acid analyses o.r Smith and coworkers (46,96,97). The amino acid 
compOSition of these is given in Table 1. The apparent isoelectric point 
of¥-globalin 11-1,2 is pH 7 • .3, whereas that of t-g1obulin 11-.3 is pH 5.85. 
No components other than ~-g1obulins were observed e1ectrophoreticall1. 
Heterogeneity is indicated, however, because the electrophoretic patterns 
are broad and unsymmetrical. In the ultracentrifage, both preparations 
were shown to contain about 75 per cent of a .... nant dth a sedimentation 
constant of about 6.5 to 7.0 Svedberg units and 25 per cent of heterogeneous 
heavier material sedimenting over a range of 9 to 17 Svedberg units. Both 
t-globulins behaved as homogeneous antigens towards rabbit antisera. The 
two fractions appeared to be immunological1Y equivalent despite their known 
differences in other properties. 
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The ftc;roglobul1n" spontaneously precipitated from the cooled serum of 
a patient with m:t1ltiple D\Yeloma. The gummy white precipitate was washed several 
times with cold water. This crude preparation will be referred to as ~­
globulin A. A portion, cl7Og1obalin B, has been further purified by separation 
in an electrophoresis cell by D. M. Brown. 
The ,two Y; -:-globulins, ntreloma globulins A and B, were isolated from the 
sera of two multiple myeloma patients by D. M. Brown. After the serum globulins 
had been precipitated with 50 per cent (NH4)2S04' the cr -globulins were further 
purified b.r electrophoresis-convection. 
E. Bovine (( -Glo bulins 
Bovine lr-globulins A and Bwere obtained from Dr. E. L. Smith and have 
been characterized by Smith and coworkers (91,96,97). '6 -globulin A was ob-
tained from sera of normal animals; ¥-globulin B, from that of hyperimmune 
animals. The apparent isoelectric point of these ~-globulins is pH 7.2. In 
;. ,!~, ,t \ 
the ultracentrifuge 80 to 90 per cent of these electrophoretica~ homogeneous 
preparations have a sedimentation constant of 7.0 Svedberg units. The sedimenta-
tion constant of the heavier component is about 10.0 Svedberg units. The amino 
acid composition of these ~-globulin6 is given in Table 1. 
F. Equine Serum Globulins 
Equine ~-globulin and egaine T-globulin were supplied by Dr. E. L. Smith. 
Their isolation and characterization have been described by Smith et al. 
(93,95,96,97). The preparation of equi~e 6-g1obulin, which is electrophoreti-
call7 pure with its isoelectric po,int at pH 6.8, was reported to have an 
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antitoxie activity of 6,100 units per gram. The T-g1obulin, isoe1ectric point 
at pH 6.1, also had high antitoxic activity. The amino acid compositions are 
listed in Table 1. 
Two preparations of the specific precipitate of horse antiboqy with Type 
III pneumococcal polysaccharide were supplied by Dr. M. Heidelberger. These 
preparations referred to as eguine antibodY III, were isolated from the sera 
of two different immune horses. 
G. Constant Boiling Hydrochloric Acid 
All nydrochloric acid was prepared by distilling a 20 per cent Hel 
solution in Pyrex glass three times. 
H. Carboxypeptidase 
A suspension of three times recr,rsta11ized carboxypeptidase from 
Worthington Biochemical Laboratories was treated with diisopropylfluoro-
phosphate so that ~ tr,ypsin or cQymotr,ypsin present would be inactivated. 
The suspension of enzyme was assayed by Miss Anne Stocke1l. 
I. DL-Glutamic Acid 
The DL-glutamic acid used in the preparation of DIP-DL-glutamic acid 
(DNP-L-glutamic acid could not be obtained in cr,ystalline form.) was prepared 
from L-glutamic acid by the method by Arnow and Opsahl (2). 
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J. Ce1ite 
Johns-Manville Celite Analytical Filter Aid 1545 was used in the 
preparation of columns for chromatography of DNP-derivatives. 
K. Ninhydrin 
Ninhy'drin or triketohydrindene, obtained from Dougherty Chemicals, 
was found to be sufficient~ pure to be used without further recr,ystallization. 
L. Dowex 50 
Dowex 50-18, 200 to 400 mesh, a cation exchange resin in the hydrogen 
fonn, was obtained from the Dow Chemical Company. This resin is a poly-
stl"rene sulphonic acid t)"pe resin of medium porosi t)". 
III. EXPERIMENTAL METHODS 
A. Physical Studies 
1. Electrophoretic AnalYses. 
Electrophoretic analysis of several proteins was carried out in a 
Tiselins apparatus equipped with the Longsworth schlieren scanning deviee. 
The electrophoretic mobility and the amount of each constituent present was 
determined from the pattern produced by a descending migration at 1.5°. The 
protein solutions were equilibrated with pH 8.5 to 8.6 veronal buffer before 
ans.l7sis. 
2. Ultracentrifugal Studies. 
Sedimentation studies were perfor.med in a Spinco2 electrical~ driven 
ultracentrifuge at 59,7~ R.P.M., equivalent to centrifugal fields of 
240,000 x g and .300.,000 x g at the meniscus and base. A description of this 
instnlDlent and of the procedure followed in this laboratory has been pub-
lished b,y Smith (94). 
B. Immunological Studies of Rabbit {{-Globulins 
1. Precipitin Reaction. 
The amount of specific antibo~ in each rabbit ¥-globulin solution 
2 Specialized Instruments Corporation, Belmont, California. 
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and the composition of the specific precipitates were determined by the 
quantitative preciptin technique of Heidelberger and Kendall (42). A 
portion of the original t-glob~n solution was diluted with 0.9 per cent 
NaG1. Aliquots of this solution were mixed with increasing volumes of a 
0.005 per cent solution of the specific polysaccharide and refrigerated for 
5 days. Merthiolate solution, added to each tube, prevented bacterial 
contamination. During this time each tube was thoroughly' mixed twice daily'. 
After the mixtures had been centrifuged at a low temperature, the super-
natant solutions were tested for excess antigen or antiboqy. The a-globulin 
present in each precipitate was determined bf a micro-modification of the 
F91in-Ciocalteu method described b,y Herriott (45). Human ~-globulin 11-1,2 
was used as the protein standard. A saline solution ef the protein was 
prepared (approrlmate1Y' 1 mg. per ml.) and its exact concentration was 
determined by the procedure of Weichse1baum (114). This standard solution 
was diluted and used to standardize the Folin reagent. Later, the colour 
produced by a standard rabbit t-globulin I solution (concentration obtained 
from Kje1dah1 determinations using a value of 16.0 per cent for the nitrogen 
content) was compared with that of human t-g1obulin 1I-1,2. Figure 1 
demonstrates that no conversion factor is necessar,y when human t-g1obulin is 
used as a standard for the measurement of rabbit ~-globu1in. 
2. Preparation of Specific Antigen-AntibodY Complexes. 
Several hundred milligrams of each antiboqy were precipitated at the 
equivalence point (Section IV-B,l) from the eight rabbit ~-globulin solutions 
by the addition of an appropriate amount of 0.005 per cent polysaccharide 





• globulin II 1,2 
X Rabbit -globulin I 
100 200 ,300 400 
pgm. of protein per tube 
Figure 1. A Comparison of the Colour Produced by' Human and Rabbit 
t-Globulins with the Folin-Ciocalteu Phenol Reagent. The concentration of 
the human t-globulin solutions was determined by the Biuret procedure (114); 
that ot the rabbit t-globulin solutions by' a Kjeldahl nitrogen determination. 
(The nitrogen content of rabbit ~-globulin was taken to be 16.0 per cent). 
The colour was developed according to the method of Herriott (45). ' 
natant solutions which were then tested for excess antigen and antibo~. 
These precipitates, washed with saline, deionized water, absolute ethanol and 
anb7drous ethyl ether, were allowed to equilibrate in air at room temperature 
for 2 days. 
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It later became necessar,y to determine if free amino acids, especially 
aspartic acid, were being bound to the l-globulin molecule or to the anti-
boq,-antigen complex. For this reason, a second preparation of Type III 
antiboqy was precipated by the specific polysaccharide in the presence of 
3 equivalents of L-aspartic acid. This precipitate was washed and treated 
as ~ other. It has been called rabbit antiboqy IlIa in the discussion 
to follow. 
3. Isolation of Other Rabbit ~-Globulins. 
The protein remaining in ¥-globulin solution VII after precipitation 
of the antibo~ with TYPe VII polysaccharide at the equivalence point 
(no antigen or antibo~ remaining in solution) was precipitated with 81co-
o hal and washed as previouslT described. This preparation is referred to a 
O-globulin-VII. SimilarlT, a-globulin M is a mixture of ¥-globulin-VIII and 
¥-globulin-IIV. 
Normal whole rabbit ~-globulin N was isolated from fres~ clotted 
rabbit blood according to the procedure of Kekwick (49). This preparation 
was shown b.Y electrophoresis to be 95 per cent ~-globulin. 
4. Dissociation of Specific Precipitates with Ba(OH)2. 
An unsuccessful attempt was made to dissociate the specific precipitates 
or rabbit antibodies II and IV with Ba(OH)2 b.r the method of Heidelberger 
!i al. (41,43). Denaturation of the antiboqy protein under these conditions 
is great and no purified antibodies were recovered. 
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c. Preparation of 2,4-Dinitrophe~1-Proteinl 
1. Reaction of Protein with 2.4-Dinitrof1uorobenzene. 
2,4-Dinitrof1uorobensene (DNFB) reacts with the free amino, imino, 
phenolic byd.roJCY1, thio1, imidazole and quanidino groups of proteins. When 
a dinitropheny1-protein (DNP-protein) is hydrolyzed in acid the dinitro-
phe~l bonds are cleaved mach less readily than are the peptide bonds of 
the protein. Therefore, a number of DNP-amino acids can be isolated from 
an hydrolysate. These DNP-amino acids correspond to amino acid residues in 
the protein which possess functional groups not involved in chemical bonds. 
For example, the ~ -amino groups of lysine and the 0( -amino group of an N-
terminal amino acid become substituted when a protein is treated with DNFB. 
DNP-proteins were prepared according to the method of Sanger (82,86). 
The protein and an equal weight of NaHC03 were dissolved or suspended in 
water. "To ever,y ml. of solution or suspension (approximately pH 8.5) 2.0 
ml. of DNFB solution (10.0 of DNFB per 100 ml. of absolute ethanol) were 
added. This mixture, after being shaken vigorouslJr in the absence of light 
for 3 hours, was centrifuged and the DNP-protein, a yellow powder, was washed 
thoroughly three times each with deionized water, absolute ethanol and eth,r1 
ether and allowed to equilibrate in air for at least 48 hours. 
All DNP-derivatives unless otherwise specified were prepared in this 
manner. 
2. Control Experiments. 
a. The effect of pH and time on the completeness of reaction. The DNP-
preparations designated human t-g1obulin II-1,2 "~ and II-3 B were prepared 
in the standard manner with one exception. Tbetime of shaking was increased 
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from .3 to 16 hours. DNP-rabbit ({-globulin M was prepared by treatment with 
DNFB for 24 hours. These experiments were carried out to determine if a 
greater number of amino groups became substituted when the protein was left 
in contact with DNFB for a longer period of time. Also, in order to deter-
mine the effect of pH on the extent of reaction, human t-globulin 11-3 C and 
rabbit ~-globulin I B were treated with alcoholic DNFB in the presence of 
pH 6.5 phosphate buffer rather than a solution of NaHC0.3 (pH 8.5). Human 
cr,roglobulin B in pH 8.5 verona! buffer, was treated with twice the volume 
of DNFB solution. No NaHC03 was added. 
b. The effect of reaction time on the stability of DNP-protein. Because 
Weygand and Jtmk (l15) and Thom.pson (lOS) have reported that some breakdown 
of protein occurs during treatment with DNFB, the supernatant solution and 
all the washings of some preparations were collected and examined for free 
DNP-amino acids. The ether and ethanol were removed at reduced pressure and 
the basic solution remaining was extracted with ether to rem.ove any un-
reacted DNFB, then acidified and arry acidic DNP-amino acids present were 
extracted into ether. These ether extracts were taken to dryness and 
chromatographed on buffered Celite columns and paper as is described in 
Section III-D, .3a. 
c. The presence of free amino acids in ~-globulin solutions. Because 
there was the possi bili ty of some hydrolysis of the protein during storage 
by bacterial 'proteolytic enzymes, an aliquot of rabbit 0 -globulin solution, 
Type I, was shaken for 1 hour with the acid form of Dowex 50 resin. The 
protein solution was decanted off and the resin washed thoroughly. Amino 
acids, if present, were eluted from the resin with concentrated ammonia. 
The solu.tion, placed on a polythene strip, was evaporated to dryness in vacuo 
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and the residue then dissolved in distilled water, chromatographed and 
developed as will be described later. A general assortment of amino acids 
were present but in total amo'Ullt not exceeding 250)l§A. per ml. of solution. 
This amount represents negligible interference in the experiments so far 
described as well as in subsequent descriptions. 
d. Reaction of DNFB with pneumococcal E06rsaccharides. Samples of 
Types I, III and VIII pneumococcal polysaccharide were treated with DNFB and 
the DNP-deri vati ves isolated and hydrolyzed. The hydrolysates were extracted 
and both the ether extracts and the acid fractions were chromatographed on 
buffered Celite columns. Aliquots of both fractions were chromatographed on 
paper using buffered tertiari &tl\rl ucohol (Section III-D, 36). This 
experiment was thought necessar,y because the eight preparations of rabbit 
antibodies each contained 2 to 6 per cent speoific polysaccharide. However, 
no coloured compounds were produced. 
3. Composition of DNP-Proteins. 
The amount of moisture-free protein in the air-equilibrated DNP-proteins 
was determined b.1 estimating the amide content of the air-dried proteins and 
the DNP-preparations and the moistve content of the air-equilibrated 
proteins. 
a. Amide ammonia determination. Amide determinations were carried out 
according to a modification of the method of BaileT (3). Accurately weighed 
samples were heated with 2 N Hel in sealed tubes at 1050 for 4 hours. The 
solutions were quantitativelY transferred to a Kjeldahl distilling vessel and 
neutralized to pH 5 or 6(bromoeresol green) with 6 N NaOH. The ammonia 
liberated after the addition of pH 10 to 11 phosphate butfer (15 ml. of 0.1 M 
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NaOH added to 50 ml. of 0.15 M Na2HP04 solution) was steam distilled for 4 
min.tes into 0.01 N standard Hel. Excess acid was determined by back titration 
with 0.01 N standard NaOH using Tashiro's indicator. This indicator was 
used because CO2, if present, causes no interference with the end point. The 
preparation of the indicator is described by Cole (21). Reagent blanks were 
anal1zed with ever,y group of duplicate determinations. 
b. Moisture determination. The moisture present in the air-equilibrated 
proteins was. calculated from the weight lost b,y an accarate~ weighed sample 
after it had been heated at 1050 to constant weight. 
D. The Free Amino Groups of Serum Globulins 
1. H.ydrol;tsis of DNP-Proteins. 
The DNP-proteins were completel1 hydrolyzed by heating at 1050 with 6 N 
Hel in sealed Pyrex tubes for 16 to 25 hours. Because DNP-proline and DNP-
gl1eine are destroyed under these conditions, additional hydrol1ses were 
carried out. A sample of DNP-rabbit t-globulin M was heated with 12 N Hel 
at 1050 for 24 hours. Under these conditions approximatel7 30 per cent of 
the DIP-glycine and DIP-proline should be recovered. Another sample of the 
same preparation was hydrol1zed for 4. hours with 6 N HCl at 105°. A 50 
per cent recover.y of DNP-gl1cine should be obtained under these conditions. 
A sample of DNP-bovine ~-globulin A was hydro~ed with 6 N BCl for 4 
hours to establish the presence or absence of DNP-g~cine. These methods 
of Sanger have been summarised by Porter (82). 
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2. Extraction of llydrol;rsates. 
The acid ~dro~sates were diluted to a concentration of approximate~ 
I N Hel and extracted four or five times with equal volumes of ether. These 
ether extracts, washed three times with small volumes of distilled water, 
were concentrated to dr,yness under reduced pressure at 50 to 60°. The 
residues were dissolved in acetone and reevaporated to remove Hel and water. 
Most of the dinitrophenol produced from the destruction of DNP-derivatives 
during hydro~sis was removed by sublimation at low pressures onto a "drj' ice" 
finger by the method of Mills (53). The acid fraction and the washings were 
combined and diluted to a known volume. ( e -DNP-lysine, eli -DNP-histidine, 
NI-DNP-arginine, O-DNP-tyrosine and S-DNP-c,ysteine, if present, remain in 
the acid fracti.on). A suitable aliquot was evaporated un-der reduced 
pressure. Hel was removed qy washing down the residues with acetone and 
again evaporating. 
3. Separation and Identification of DNP-Amino Acids. 
a. Chromatography of DNP-amino acids on buffered Celite columns. A com-
bination of the methods described b.r Blackburn (6), Perrone (76), Baile.y (4) 
and Middlebrook (57) was used. 
Preparation of columns. Ten mg. of Celite 11545 was ground in a mortar 
with 6.0 ml. of the desired buffer solution. This buffered Celite could be 
stored for two weeks in a tightly sealed jar. Columns were prepared 
1mmed1ate~ before use from a mixture buffered Celite and a suitable water-
saturated solvent as described by Thompson (109). The following buffer 












1 M NaH2P04• 
21 gm. of citric acid per liter of 0.2 M NaOH. 
1 ml. of 0.25 M Na2HP04 to 9 ml. of 0.25 M NaH2P04
• 
5 ~. of 0.25 M Na2HP04 to 5 rol. of 0.25 M NaH2P04• 
8 rol. of 0.25 M Na2HP04 to 2 ml. of 0.25 M NaH2P04• 
The following water-saturated solvents have been found to be the most 
useful for the separation of DNP-derivatives on buffered Celite columns: 
1. CE 50 
2. CHC13 
3. CB 2 
4. CB 15 
5. EtAc 
6. Ether 
50 ml. of chlorofonn to 50 ml. of ethyl ether. 
Water-saturated chloroform was used in the prepara-
tion of solvent systems or itself as a solvent. 
2 ml. of normal butanol to 98 ml. of chloroform. 
15 ml. of normal butanol to 85 ml. of chloroform. 
Water-saturated etbr1 acetate. 
Water-saturated et~l ether. This solvent, stored 
over a ferrous sulfate solution to prevent the 
formation of peroxides, evaporated too readily on 
warm days to be an ideal solvent. 
Chromatography of acidic DNP-amino acids. The residues of the ether 
extracts (Section III-D,2) were dissolved in a. minimum amount of CE 50 and 
quantitatively transferred to the ~urface of a pH 4.0 CE 50 column. 
Development of the yellow band with CE 50 effects a separation of DNP-
aspartic acid (R= .07)3, DNP-serine (R = .2.3), DNP-glutamic acid (R= • .35) 
and DNP-threonine (R= .6). All other compounds travel more rapidlT 
(R) 1.0) on this solvent-column system. If a good separation of DNP-serine 
.3 R is defined as the ratio of the distance travelled b.r the band in 
the column to the distance moved by the solvent above the column. 
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and DNP-g1utamic was not obtained on this co1un, the mixed band was 
resolved on a pH 5.5 EtAc column (DNP-g1utamic aeid, R= .10; DNP-serine, 
R = • .35). The fast band from the pH 4.0 column was then taken to dryness 
and dissolved in the minimum amount of CHC13 and transferred to a pH 6.5 
CBe1.) column. On this column DNP-a1anine and DNP-proUne (R = .02), DNP-
valine and DNP-methionine (R =.25), DNP-pheny1a1anine and di-DNP-lysine 
(R~.56) are separated trom DNP-1eucine, DIP-isoleucine, dinitrophenol 
and dinitroaniline (R) 1.0). DNP-glycine and di-DNP-tyrosine which do 
not move (R=O) can be elu.ted from this column with ether, ethyl acetate 
or acetone. The fast band from the pH 6.5 ORe1.3 column is chromato-
graphed next on a pH 7.1 CHe1, column which will distinguish DNP-
leucine and DNP-iso1ncine (R= .15 to .25) from dinitrophenol (R= .45) 
and dinitroaniline (R=1.0). Porter (82) has described solvents which 
separate pairs ot DNP-amino acids with the same R values if both are 
present in the ~drolYsate. 
Chromatographr of basic DNP-amino acids. e-DNP-lYsine in the 
residues of the acid fraction (Section III-D,2) was purified on a 1 N 
HC1 co1wnn using CB 15 (R = .26) • The acid fractions of DNP-h'Wllan 
I-globulin II-1,2, 1I-3, DNP-bovine a-globulin A, DNP-rabbit a-globulin I 
and DIP-rabbit antibodies III and XIV were chromatographed by the sensitive 
method of Bailey (4) to identit.y basic DNF-residues other than E-DNP-lYsine. 
b. ChromatographT of DNP-amino acids on paper. The R value of a 
yellow DNP-derivative on a Celite column cannot be used as absolute identi-
fication of the compound. R values var.y with the packing of the column, 
the amount of DNP-derivatives on the column and the composition of the 
water-saturated solvent which varies with temperature. For this reason, 
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each ban~after quantitative estimation (Section III-D~4~was chromatographed 
on paper for positive identification. Two to 10~. of DIP-amino acid 
dissolved in acetone are applied 2.5 or 3 inches from the top of a 56 am. 
strip or sheet of suitable filter paper. The paper is then fixed in a 
glass trough mounted near the top of a tall e.rlindrica1 glass jar and 
allowed to come to equilibrium with the solvent- and water-saturated air 
within the closed jar. Water-saturated solvent, placed in the trough is 
allowed to travel down the paper to the lower edge. If a further separa-
tion of spots is desired, the paper is "pinked" and the solvent allowed 
to drip off into the bottom of the chromatography jar. The following sol-
vents have been found to effect good separation of DNP-amino acids and to 
produce round, compact spots. 
Tertiary amyl alcohol. Blackburn and Lowther (7) have found that 
tertiar,y am,1 alcohol (TAA) saturated with pH 6.0 phthalate buffer (45.40 
ml. 0.2 M NaOH added to 50 ml. of 0.2 M potassium acid phthalate and 
the resulting solution diluted to 200 mI.) effects a good resolution of 
DNP-amino acids if they are chromatographed on paper which has previously 
been soaked in pH 6.0 phthalate buffer and dried at room temperature. 
Such chromatograms are usua~ run for 3 to 5 days on "pinked" Whatman #1 
paper. The approximate position of the DNP-amino acids after development 
with this solvent is shown in Figure 2. This system does not separate 
DIP-aspartic acid and DIP-glutamic acid, DNP-serine and DNP-glycine~ DNP-



















Fie;ure 2. The ApproJdmate Position of DNP-Am,ino Aqids on Buffered 
(pH 6.0) W'1atmpn #1 Paper Aft,er Development Witl Buffered (pH 6.0) 
Tertiary 4mll Alcohol for 5 Da18. 
The abbrl;;./iations for the amino acids used in Figure 2 and elsewhere 
in this paper follow the suggestions of Brand and Edsall (9) and Sanger (SS). 
DNP- dinitrophenol. 
§ bis LYS i'.R.n bis (CYS)2 
§ PRE DNP 'GLY 
0 MET 
0 ALA 18" 
0 lLEU I ASP(N~) 
0 LEU, VAL, SER 
0 ARG, PRO, t-LYS., 'I'lm 
0 GLU 
o ASP 
Figure.3. The Apprmms.te Position of DNP...Amino 
Acids on Wha tman I 1 Paper After Deve1opm.ent with l.!.2...I 








0 bis (CYS)2 
0 VAL IS" 
0 MET 
0 TRIP 
0 PIm, ILEU, LEU 
0 bisLYS, bis TYR 
Figure 4. The Approximate Position of DNP- Amino Aoids on Wbatman 
III Paper Arter D 3ve1opment With the "Toluene Sys\"em" for 15 Hours. 
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1.5 M phosphate buffer. Levy4 has obtained good resolution in 24 hours 
of DIP-amino acids on Whatman #1 paper developed with 1.5 M NaH2P04 solution 
adjusted to pH 5.9 to 6.0 with 1 M NaOH. The approximate position of the 
DNP~amino acids after 24 hour development is shown in Figure 3. This system 
is useful for the identification of DNP-aspartic acid~ DNP-g1utamic acid, 
DNP-a1anine and DNP-pro1ine. It also distinguishes DNP-valine and DNP-
phe1l71a1anine. 
Toluene. Biserta (5) developed a solvent system useful for the 
separation of DNP-serina andDNP-glYcine. A good separation of f-DNP-
lysine, DIP-proline and DNP-arginine is also achieved using this system. 
Five volumes of toluene ~ 1 volume of pyridine and .3 volumes of ethylene 
ch1orohy'drin are mixed with shaking. Three volumes of 0.8 N NH40H are 
then added without mixing and the two phases are allowed to equilibrate 
for 1 hour. The aqueous phase and an equal volume of 0.8 N NH40H are 
placed in the bottom of the ehromatograpny jar. The organic phase, 
filtered through Wbatman #1 paper, is used to develop the chromatogram. 
Good separation is complete in 12 hours. The disadvantage of this system 
is its instability. Fresh solvent must be prepared ever,y .3 to 5 days. 
The positions of the DIP-amino acids are shown in Figure 4. 
c. Recovety of amino acid from DNP-amino acid. Three samples of 
, the DNP-derivative obtained from qydrolysates of DNP-rabbit preparations 
which appeared to be DNP-aspartic acid (Table 21) were pooled (DRP-rabbit 
antibodies II, V and VIII). The combined NaHC0.3 solution was acidified 
4 Private Communication from E. O. P. Tbo.mpson concerning the 
unpublished technique of A. L. Levy. 
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and extracted with ether. The residue from the washed ether extracts was 
dissolved in saturated Ba(OH)2 solution. This solution, sealed in a thick 
walled Pyrex tube, was heated fpr 2 hours at 1400 • The Bt+ was removed 
from the cooled solution qy the'addition of a few cr,ystals of "dr,y iceft • 
The mixture was centrifuged and the clear supernatant solution evaporated 
!!! vacuo on a polythene strip. The residue, dissolved in one drop of 
water, was chromatographed on Whatman #1 paper using phenol as a solvent 
as will be described in Section III-E,6. This method for the regeneration 
of amino acids from their DNP-derivatives was first suggested by Mills (58). 
DNP-leucine was also confirmed bY' this method. Leucine was distinguished 
from isoleucine on tertiar,y ~l alcohol chromatograms (Section III-E,6). 
4. Quantitative Estimation of DNP-Amino Acids. 
Single yellow bands eluted from the buffered Celite columns were 
taken to dr.y.ness in vacuo and dissolved in a known volume of solvent. The 
acidic DNP-amino acids were dissolved in a 1 per cent solution of NaHC03; 
E -DHP-lysine was dissolved in 1 N HCl. Sanger (81) has reported that the 
absorption maximum of a NaHC03 solution of DNP-glycine is 350~. The 
absorbancy index: calculated from his data is 0.0155 x 106 moles-l liter 
em-I. He suggests that E. -DNP-lysine in 1 N Hel should be estimated at 
390 ~ because of the interference of O-DNP-tyrosine at 360 ~, the 
absorption ma.:x:imum of E -DNP-lysine. The absorbaney index of f -DNP-ly-sine 
calculated from Sanger's data at 390 mJ is reported to be 0.0102 x 106 
moles-l liter cm-l • 5 
5 The absorbancy (A) of a solution is defined as -log T where T is 
the transmittancy of the solution. A ==-abc where a = absorbancy index; 
c::. concentration of solution in moles per liter; b = width or cell in em. 
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The absorbancies5 of 1 M HCl and 1 per cent NaHCOJ solutions of DNP-
amino acids in 1 em. matched Corex cells were read in a Beckman Model DU 
Spectrophotometer against a blank of either 1 M HCl or 1 per cent NaHC03• 
a. Absorption spectra and absorban£1 indices. Standard solutions of 
pure DNP-L-aspartic acid, DNP-DL-glutamie aeid, and DNP-L-alanine in 1 
per eent NaHC03 were prepared and the absorbanc.y of, each from 320 ~ to 
450 ~ at 2 ~ intervals was determined. Similarly, the absorption 
• 
spectrum for a standard solution of E-DNP-lysine in 1 N HCl was determined. 
The absorbanc.y index of the DNP-derivatives of L-valine, L-isoleucine and 
DL-serine was determined from the absorbancy of 1 per cent NaHC03 solutions 
of each compound at 350 ~. 
b. Recove&r of DNP-amino acids after acid hydrolYsis. The recover.y 
values of DNP-amino acids detemined by Sanger and Porter (B9) are given 
in Table 2. These values have been used in subsequent calculations. No 
attempt was made to determine the actual breakdown of DNP-amino acids. 
Fraenkel-Conrat and Porter (31) and Middlebrook (57) have published 
recover" values which agree fairly well with those reported b.r Sanger 
and Porter (89). Thompson (109) has shown the destruction of DNP-amino 
acids to be due to tryptophan and cystine. 
E. I-Terminal Sequence of '6 -Globu.lins 
1. Partial Hydrolysis of DNP-Proteins. 
Certain of the DNP-proteins were partially q,drolyzed either b,y 
heating with 6 N HOI in a sealed tube for 1 to 2 hours or by incubating at 
37° with 12 N Hel in a stoppered flask for 4 to 8 days. 
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TABLE 2 
APPROXIMATE BREAKDOWN OF 
DNP-AMINO ACIDS DURING ACID HYDROLYSIS. 
This table is in part derived fran data presented by Sanger 
and Porter (89). 
Amino acid derivative Percent recovered 
18 hours 24 hours 
DNP-aspartic acid 70 60 
n glutamic II 66 56 
n serine 85 80 
" threonine 92 90 
" alanine 70 60 
n valine 70 f:IJ 
n leucine 70 60 
" isoleucine 70 60 
It ly'sine 92.5 90 
2. Extraction of Partial Hydrol,ysates. 
Because some DNP-peptides are only slightly solable in ether, the 
partial hy'droly'sates were diluted to 10 times their volume with water and 
extracted four times with equal volumes of ethyl acetate. This procedure 
or Sanger (87) also extracts a great lT1S.!lY' E-DNP-lysine peptides which can 
be partially' removed as follows: The ethyl acetate extracts, washed three 
times with small amounts of water, were extracted three times with one-quarter 
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the volume of 1 per cent NaHCO,. The et~l acetate-washed NaHC03 solution was 
then aeidified and extracted three times with etnyl acetate. These extracts, 
washed with small amounts of 1 N Hel, were evaporated to dr.yness under reduced 
press1lre at temperatures below .30° • 
.3. Isolation of DNP-Peptides on Buffered Celite Columns. 
The same buffered columns and group of solvents used to separate DNP-amino 
acids were used to separate DNP-peptides. The schematic separation of each of 
the six partial hydro~sates into DNP-peptides and DNP-amino acids is shown in 
Figures 15 to 18 in Section IV-H. 
4. . )iydrolysis of DNP-Peptides. 
Each eluted band was dissolved in 1 per cent NaHC0.3 and the absorbancy of 
the solution was determined at .350 "91 as described in Section III-D,4. An 
arbitrar,y value, .0156 x 106, for the absorbancy index of all peptide 80lu-
tions was used. No correction factors for breakdown of the DHF-derivatives 
were employed in the calculation of amounts of DNP-peptides isolated. The 
bicarbonate solution was then acidified and the DNP-derivative was extracted 
into ethyl acetate. The extracts were washed twice with small amounts of 
water to remove free amino acids "and then taken to dr,yness in vacuo. The 
residue was dissolved in .3 to 6 drops of 6 N Hel with warming, sealed in 
a capillar,y tube, and heated to 1050 for 20 hours. 
5. Fractionation of DNP-Peptide ijydrolYsates. 
The cooled peptide hydrolysate was transferred to a small tube and 
thoroughly extracted with ether. The ether extracts were taken to dr,yness 
and chromatographed on paper as described in Section III-D,3b. The ex-
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tracted bydro~sate, freed of dissolved ether under red.ced pressure was trans-
ferred to a po~hene strip and taken to dryness in a vacuum dessicator. When 
dry' and acid-free, the residues were dissolved in a minimum. amount of wate~:!1 
.. ";' 
and applied with a capillary pipette in a small spot (0.5 cm.) to Whatman /11 
paper_ Hot air was used to dry the spot as the solution was applied. The 
paper chromatograp~ of amino acids will be discussed in Secti9n III-E,6. 
If, after ether extraction, the DNP-peptide ~drolysate remained yellow, an 
aliquot of the extracted hydrolysate was chromatographed on III paper with 
either buffered tertiar,y ~l alcohol or toluene (Section III-D,3b) to 
establish the presence of €-DNP-lYsine. 
6. Identification of Amino Acids by Paper Chromatographl_ 
Small spots, 0.5 em. in diameter, were applied 3 inches from the top 
of a 20 inch sheet of Whatman #1 paper. The amino acids moved more quickly 
on 114 paper; however, the spots were diffuse and tailed badly. The 
chromatograms, after development with solvent, were allowed to dry at room 
temperature. Phenol was removed by thoroughly washing the chromatograms 
with ether. The dry chromatograms were then sprayed with ninhydrin reagent 
and slowly heated while still wet until the coloured spots developed. 
a. Butanol-acetic acid. This solvent first described by Partridge (73) 
consists of 4 volumes of normal butanol to 5 volumes of water to 1 volume of 
glacial acetic acid. When the bottom edge of the paper is "pinked" and the 
solvent allowed to drip off for 40 hours, a good separation of all amino acids 
except leucine and isoleucine, valine and methionine, glutamic and threonine, 
serine and glycine, lysine and arginine is achieved. Figure 5 shows the 
approximate positions of the amino acids atter development on Whatman 61 
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§ LYS, HIS, ARG ASP SER, GLY 
0 GLU, THR 
0 ALA 
8 PRO fiR 18" 0 MET, VAL 
0 TRIP 
0 PRE 
0 LEU, lLEU 
Figure 5. The Approximate Position of Amino Acids on Whatman No. 1 Paper 
After Devel.o~ W1thButanol~Acetic Acid for 40 Hours. 
Ori in 
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o (CYS)2' LIS 
ASP, GLU, ARG 














FigQre 6.. The ApproxiJaate:- PosiMan- of· .. A:mino Acids on Wb&tJmm-.Ro. 1 
Paper :A.tter.- De'tel..ojaent- With-. Tarti.a:rJr .~~ .. ilcohol . for' '4 Days. . 
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paper' tor 40 hours -with bu:t.iJJlol-acetic acid. 
b. Tertia17 amyl aleohol. Work (116) reported that tertiary amyl alcohol 
saturated with water would effect the separation of leucine and isoleucine, 
valine and methionine in an atmosphere of diet~lamine. Chromatograms on 
#1 paper (pinked) require 4 to 5 days for the separation of leucine and 
isoleucine. The separation of amino acids achieved with this system is 
shown diagramatica1l1 in Figure 6. 
c. Phenol-water-ammonia. The purification of phenol and the preparation 
of the best phenol-water mixture for paper chromatograp~ has been described 
by Draper and Pollard (27). This solvent, in an atmosphere of ammonia, 
separates serine and g~cine, glutamie and threonine,~sine and arginine, 
pairs that are not separated on butanol-acetic acid chromatograms. Figure 7 
shows a typical separation. 
d. Ninhydrin reagent. When chromatograms are sprayed in th the ninhydrin 
reagent of Levy and Chung (52), several different colours are evident. The 
colours of the various amino acids after reaction with this ninhydrin reagent 

































0 TRIP, LIS 
0 PRO, LEU lLEU, PRE, ARG 
Figore 7. The' Approxima't&J~Qaiti.on_af- A.lail:to-Acids on Washed Whatman 
10. ~ Paper After Development With, PlienGl-Wa~er-lilI:3 for 24 Hours. 
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The ninhTdrin reagent producing these colours is prepared qy mixing 50 ml. 
of 0.1 per cent ninhYdrin in 95 per cent ethanol, 2 ml. of technical grade 
collidine (pure collidine is unsatisfactor.y) and 15 ml. of glacial acetic 
acid. The colours fade quickly' at very high temperatures and after 24 hours 
at room temperature. 
F. C-Terminal Amino Acids of o-Globulins 
1. Reaction of Protein with Carboxypeptidase. 
Grassmann (34) first made use of the enzyme, carboxypeptidase, for the 
determination of C-terminal groups of peptides. He demonstrated that the 
C-terminal group of glutathione is glycine. This enzyme has been used by 
Lens (52), Thompson (167), and Neurath et ale (33,65) to determine C-ter-
minal groups of proteins. The action of carboxypeptidase on rabbi t 'K -globulin 
IV, rabbit antiboQy XIV, 'human ~eloma globulin A and human (r-g lobuli n II-l,2 
has been studied by the method of Thompson (107). The liberated amino acids 
were identified by chromatography on Wbatman /II paper with butanol-acetic acid 
or phenol-NH3 as described in Section III-E,6. 
2. Control Experiments. 
An enzyme control and a protein control were carried out with each 
experiment. A flask containing carboJCYPeptidase and buffer was incubated 
at 370 and aliquots were taken at the same time as s and treated similarly 
to the complete system. Also, a solution of protein and buffer with no 
enz.y.me was checked for spontaneous breakdown of protein. 
G. Amino Acid Composition of t -Globulins 
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1. Itrdrolysis of Proteins. 
Smith and Stockell (99) have shown thair hydrolysis at 1050 with 6 N 
Hel for 18 to 24 hours did not produce complete breakdown of the protein. 
M~ peptides of valine, leucine and isoleucine were present in the hydrolysateso 
Also, longer periods of ~drolysis, although effecting hydrolysis of these 
peptides, caused the destruction of some other amino acids. For this reason, 
samples of each protein were hydrolyzed for 20 and for 70 hours. The 
hydrolysis of the protein was perform.ed in sealed tubes of thjt~ Pyrex glass 
at 1050 with a.pproximately 500 volumes of 6 N Hel. The tubes were evacuated 
to 12 to 15 mm. Hg. before they were sealed to decrease the amount of humin 
for.med. After hydrolysis, the solution was repeatedly concentrated in vacuo 
at 40 to 50°. The residues were tran~rerred to a volumetric flask, made up 
to volume with deionized water and preserved with thJmol. Solutions represented 
4. to 5 mg. of original protein per ml. The actual amount of protein was 
estimated by duplicate micro-Kjeldahl analyses on aliquots of each ~drolysate 
taking the nitrogen content of the rabbit antibodies and the ~eloma pro-
teins as 16.0 per cent.6 
An additional sample of each protein was oxidized with performic acid 
before hydrolysis according to the method of Schram !i ale (90). To 50 
mg. of protein, in a round bottom flask, there was added 25 ml. of coole~ 
performic acid reagent (1 volume of 30 per cent H202 and 9 volumes of 87 
per cent formic acid were allowed to stand at room temperature for 1 hour 
6 Ana~ses of two rabbit l-globulin preparations qy. Dr. A. Elek gave 
an average value of 16.0 per cent nitrogen. The nitrogen content of the 
multiple myeloma proteins has not yet been determined but has been assumed 
to be 16.0 per cent. Other human ~-globulin preparations have been reported 
by Smith, Greene and Bartner (97) to be 15.6 to 16.0 per cent nitrogen. 
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to prodace a maximum concentration of performic acid.) The protein solution, 
after standing in the refrigerator for 15 to 20 hours, was repeatedly con-
centrated under reduced pressure at 20°. The residue was then refluxed for 
20 hours with 50 ml. of 6 N Hel. The hydrolysate was taken to dryness in 
~ at 40 to 50° and the residue made up to volume with deionized water. 
The protein-nitrogen was determined on duplicate aliquots by the micro-
Kjeldahl method. 
2. Chromatography of Hydrolysates. 
Chramatograp~ of the qydrolYsates was perfor.med on columns of Dowex 50 
essentia~ as described by Moore and Stein (62). A 0.9 x 100 em. column was 
used for acidic and neutral amino acids and a 0.9 x 15 em. column for the 
basic amino acids and c.ysteic acid. The 100 cm. column was equipped with a 
water jacket so the temperature of the column could be controlled. 
A sample of qydrolysate was placed on the 100 em. column which had been 
. previously washed with 100 ml. of 0.2 N NaOH containing BRIJ 35, a polJrethylene 
glYcol ether detergent, and 100 ml. of pH 3.42 citrate buffer. All buffers 
used in this discussion of amino acid chromatograph7 have been described by 
Moore and Stein (62). Aspartic acid, threonine, serine, glutamiC acid, 
proline, glycine and alanine are eluted with pH 3.42 buffer at 37.5°. The 
temperature is then raised to 500 and valine, methionine, isoleucine and 
leucine are eluted with pH 4.25 buffer. T.yrosine and phe~lalanine are 
then eluted from the column with this buffer when the temperature is raised 
to 75°. 
A sample of hydrolysate was placed on the 15 em. column which had 
previouslJr been washed as described above and buffered at pH 5.0. When the 
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neutral and acidic amino acids had been eluted with pH 5.0 buffer at room 
temperature, histidine and :Qrsine were removed with pH 6.8 phosphate buffer. 
Ammonia and arginine were released from. the column with pH 6.5 citrate buffer. 
Aliquots of the oxidized hydrolysates were ohromatographed on the 
15 em. column which had been washed with 0.2 N NaOH and buffered to pB 3.42. 
C7steic acid was readily eluted with this buffer at room temperature. 
The eluates were collected in 1 ml. fractions in a Technicon automatic 
fraction collector equipped with a drop-counting device •. The order in which 
the various amino aoids are eluted from the oolumn has been determined by 
Smith and Stoekell (99) in oontrol experiments with mown amino acid mix-
tures. 
3. Quantitative Ninhydrin Method for AnalYsis of Column Eluates. 
The 1 ml. samples of eluate were analyzed bY' the photometric ninhydrin 
procedure of Moore and Stein (61). Samples were b~ught to about pH 5 with 
appropriate amounts of BCl or NaOH. To each buffered sample, 2.0 ml. of 
ninhydrin reagent were added and mixing was achieved by shaking. The tubes 
containing the eluate fractions and the ninhydrin reagent were heated for 
30 minlltes in a vigorously-boiling water bath. The cooled purple solutions 
were then diluted with 10 ml. of 1:1 propanol-vater. The absorbancies of 
the solutions were determined at 570 mjt again.st a distilled water blank using 
a Coleman junior spectrophotometer, model 6-A. Proline solutions which pro-
duce a yellow colour with ninhydrin were read at 440 lIJl. 
The absorbancy of each tube was plotted against the tube nl2JD.ber so that 
a baseline tor each absorbancy peak could be determined. The absorbancY' of 
each tube above the baseline and the sum of the absorbancies of all the tubes 
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containing a particular amino acid were calculated. The amount of amino acid 
present was determined by comparison of the total absorbanc.y with that of the 
colour produced by standard leucine solutions. All amino acids do not pro-
duce the same amount of colour per mole. The individual colour yields from 
amino acids on a molar basis relative to leucine have been determined by 
Moore and Stein (61) and cheeked by Stockell. The amount of each amino acid 
recovered from the column was expressed as grams of amino acid residue per 
100 gm. of protein. 
4. Determination of Tr.rptophan. 
Tr.yptophan is destroyed during acid hydrolysis and, therefore, the 
tr,yptophan content of rabbit antibodies I, VII, VIII and XIV and human 
~eloma globulins A and B was determined independently. 
Because of the relative insolubility of the ether dried specific anti-
bodies and mTeloma globulins, the tr,yptophan content was determined by a 
method described by Spies (104). Samples (5 mg.) of the proteins were 
dissolved in 10 mI. of p-dimet~laminobenzal~ebyde solution or Ehrlich's 
reagent (300 mg. p-dimethylaminobenzaldehyde in 100 ml. 19 N H2S04). These 
mixtures were kept in darkness until the protein was completely dissolved. 
This process usually took 12 to 18 hours. Colour was developed by the 
addition of 0.1 ml. of 0.04 per cent NaN03 solution. Maximum. colour was 
achieved after storage for 30 minutes in darkness. The absorbancy of each 
solution was determined at 600 ~ using a Coleman junior spectrophotometer 
and compared with the absorbancies of a set of standard tr.YPtophan solutions. 
Because it was evident that the colours produced by pure tr,yptophan 
differed from those produced b7 the antibodies and human ({ -gl<;>bulins, 
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absorption spectra of the colour produced by rabbit antibodies, human ~-globu­
lin II-1,2, ~-lactog1obu1in and tr.rptophan were measured. The rabbit and human 
2( -globulins produced colours with an absorption maximum. at 6)0 lI91; tryptophan 
and ~-lactog1obu1in colours had a maximum at 600 ~ as Spies had reported. 
Figure S illustrates the absorption spectra of the two grauos of compounds. 
O.S~--------+---------~-------
o. 
o.~~ ______ ~ _________ ~~ ______ ~~ ______ ~~ ________ ~ 
450 500 550 600 650 700 
Wavelength mJl 
Figure 8. Absorption Spectra of the Colours Produced by Tryptophan 
and Certain Proteins with Ehrlich's Reagent. 
Curve I Rabbit 't' -Globulin-VII 
Curve II Human~-G1obu1in-II-l,2 
Curve III L-Tr.rptophan 
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It was decided, therefore, to use h~O-globu1in II 1,2 as a standard for 
the estimation o~ ~r.rPtophan in rabbit antibodies and ~e1oma proteine. The 
tryptophan content of human r -globulin II 1,2.was found to be 2.62 ± .05 gm. 
of tl7Ptophan per 100 gm. of d1'7 ash free protein by the Sulll van-Hess 
(105) modification of the Bates method., This value agrees with that reported 
previously by" Smith, Greene and Bartner (9'7'). 
5. Determination of Haxose and Hexosamine. 
The carbohydrate content of rabbit 't -globulin M was determined by the 
method of Pirie (78). Glucose was 'U.sed as standard. The absorbaney of the 
solutions was determined in a Coleman junior spectrophotometer at 420 ~. 
The hexosamine content of the same protein was detemined by the pro-
cedure of Palmer, Smyth and Meyer (71). Glucosamine He1 was used as 
standard. The absorbanc,y of the solutions was determined in a Coleman 
junior spectrophotometer at 530 ~. 
• 
IV. RF.SUL'1'S AND DISCUSSION 
A. Physical Studies 
1. Electrophoretic Analyses. 
The composition and the mobility (~) of each of the components of the 
rabbit a-globulin solutions and the abnormal human globulins are listed 
in Table ,. Figure 9 is a typical electrophoretic pattem of rabbit 
r-globulin. Although some of the rabbit ~~globulin solutions contain as 
mach as 15 per cent albumin or tX-g1obulin it will be evident from later 
experimental results that these impurities represent a negligible inter-
ference. Both components of the two multiple ~eloma preparations are 
~-globulins. The minor component in both cases has an electrophoretic 
mobility associated with nonnal human {(-globulin. Cryoglobulin A, the 
crude precipitate, however, is seen to contain albumin, os. -, 0(2-' (3- and 
r -globulin. Cryoglobulin B which was recovered from this electrophoretic 
run contained the a'-glob1llin fraction and some ~-globuli.n. The maximum. 
amount of impurity in cryoglobulin B, therefore, cannot exceed 2.6 per 
cent. 
2. Sedimentation Behaviour. 
B.r the definition of Svedberg and Kata.rai (106) the sedimentation 






ELECTROPHORETIC ANALYSIS OF RABBIT AND 
ABNORMAL HUMAN 'C -GLOBULINS 
All measurements were made in pH 8.5 to 8.6 Verenal buffer at 1.5°. 
I, 
Preparation Protein MObilit~, Gm. component 
concentration f1 x 10 per 100, gm. 
protein 
per cent em2 volt-~ sec-l 
Rabbit ~-globulins 
I 1.25 1.70 ) 99 
II 1.25 1.98 99 
6.04 1 
III 1.0,3 1.81 99 
5.60 1 
IV 1.20 1.83 87 
5.65 3 
V 0.87 1.69 89 
5.55 4 
VII 0.87 1.80 87 
5.50 4 
VIII 0.82 1.90 85 
6.20 .3 
XIV 1.03 1.90 89 
Human i-globulins 
5.40 4 





Myeloma. A 1.47 0.9 95 
1.8 5 
Myeloma B 0.87 0.5 97 
1.4 3 
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Figure 9. Eleetrophoretic Pattern of Rabbit r -Globulin I. This schlieren 
pattern was photographed after 250 minutes of descending migration at 1.50 in 
0.1 K Veronal buffer at pH 8.5. The protein concentration was 1.25 per cent. 
sedimentation constant is dependent on the temperature and the medium it is 
usua~ converted to a standard value, s20 w' corresponding to that obtained , 
in water solution at 20°. 
The sedimentation constants in Svedberg Units of the components of each 
preparation are listed in Table 4. Qpe Svedberg Unit equals 1 x 10-13 cm2 sec-l • 
As seen from the table, the ·sedimentation constant of the main component of 
each of the eight rabbit (-globulin solutions is ver" similar. The average 
val_e, 6.31, corresponds to a molecular weight of 158,000. This value has 
been claeulated using the equation: 
RTs 
M= (3) 
A value 3.9 x 10-7, reported by Kabat (47), has been used for the value 
of D in this calculation. The calculated molecular weight of 158,000 cannot 
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be considered as accurate because the sedimentation constant used in the 
calculation is not necessarily the value at infinite dilution. It does, 
however, confirm the results reported by Kabat (47). A typical sedimenta-
tion pattern for rabbitO-g1obulin is reproduced in Figure 10. 
Although both myeloma globulins were homogeneous in the electro-
phoresis, it is evident from Table 4 that preparation A is composed of 
four components of different molecular weights. This heterogeneity may be 
due to association of some of the molecules to form dimers, etc. However, 
it is possible that the main component of mult1pl8:-.el~. ~ be • 
O-globulin of higher molecular weight than is nor.ma1l1 found in human 
serwn. Putnam (84) has reported the occurrence of abnor.ma1ly heavy 
~e1oma proteins. 
B. Immunological Studies 
1. Preci12itin Reactions of Rabbit t -Globulin Solutions with SEecific 
Pneumococcal POlYsaccharides. 
Heidelberger and Kendall (42) have derived an equation relating 
the amount of antiboqy precipitated b.1 a given amount of antigen to the 
ratio of antibodT and antigen at the equivalence point, i.e_, the point 
at which there is neither antigen nor antiboqy present in the superna-
tant solution. This equation does not apply in the region of antigen 
excess. 




SEDIMENTATION BEHAVIOUR OF RABBIT AND 
ABNORMAL HUMAN }f -GLOBULINS. 
All preparations were dissolved in a pH 8.5 to 8.6 Veronal buffer with 
the exception of er,yoglobulin A which was dissolved in 0.9 per cent NaGl. 
Measurements were made at 22 to 24°. 
-Protein ! Gm. component 
Preparation concentration S20,w per 100 gm. protein 
Rabbit t -globulin 
per cent Svedberg u. 
A. 
I 1.25 6.32 92 
8.25 8 
II 1.25 6.29 93 
9.03 7 
III 1.03 6.30 92 
9.11 8 
IV 1.20 6.24 92 
9.12 8 
V 0.87 6.49 91 
9.17 9 
VII 0.87 6.30 92 
8.81 8 
VIII 0.82 6.31 91 
1 
8.83 9 
XIV 1.03 6.25 93 
lO.ll 7 
B. H'Qm8Jl 'l. -globulins 








My'e1oma B 0.5,4 6.66 >99 
Ab = antibody precipitated 
An :. antigen added 
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A : antibody precipitated at the equivalence point 
R = Ab/An at the equivalence point 
( 
Figure 10. Sedimentation Behaviour of Rabbit ~-Globu1in II in the 
Ultracentrifuge. The arrow indicates the direction of radial migration. 
This X -globulin was studied in 0.1 M Veronal bufter (0.1 ionic strength) 
at pH 8.5. The protein concentration was 1.25 per cent. The picture on 
the lett was taken 20 minutes atter the rotor attained full speed 
(59,780 r.p.m.); subsequent pictures were taken at 16 minute intervals. 
According to equation 4, therefore, if the observed values of Ab/An 
are plotted against An, a straight line should be obtained with a slope 
equal to R2/A and an intercept of 2R. From a least squres line drawn 
through the experimental points, values for the constants in equation 4 
can be obtained. From this equation then the amount of Ab precipitated 
and the composition of the specific precipitate from ~ mixture of 
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TABLE 5 
PRECIPITIN REACTION OF 31 
WITH RABBIT 0 -GLOBULIN I 
Mg. An(3I) Test on supernatant Average Kg. Ab Ab 
added mg. Ab calcu- iii 
precipitated lated observed 
0.025 0.70 0.66 28.0 
0.-050 1.12 1.13 22.4 
0.075 1.36 1.40 18.2 
0.100 1.51 1.48 15.1 
0.125 1.36 -- 10.9 
Equation: Ab = 30.2 - 153 An 
An 
TABLE 6 
PRECIPITIN REACTION OF SII 








Mg. An(SII) Mg. Ab Mg. Ab Ab Test on supernatant 
added precipi- calcu-
tated lated 
0.25 1.22 1.26 
0.050 2.30 2.23 
0.075 2.92 2.90 
0.100 2.04 
--
Eqution: Ab = 56 - 240 An 
An 
An excess excess 
observed An Ab 
48.8 - t 
46.0 - + 



























PRECIPITIN REAC'fIOH OF SIll 
WITH RABBIT ,-GLOBULIN III 
Mg. Ab Ab Tests on supernatant 
calcu- An 
lated observed excess excess 
An Ab 
1.07 46.6 - t 
1.75 33.0 - + 
2.06 24.1 - t 
2.00 23.7 - -












PRECIPITIN REACTION OF SIV 
WITH RABBIT i_GLOBULIN IV 
Kg. Ab Ab Tests on supernatant 
calcu- An 
lated observed excess excess 
An Ab 
0.73 39.2 - + 
1.27 25.6 - + 
1.6.5 21.9 
- + 
1.80 18.3 - + 
-




PRECIPITIN REACTION OF SV 
WITH RABBIT O-GLOBULIN V 
Mg. !n(SV) Mg. Ab Mg. Ab Ab Tests on supernatant 
,added precipi- calc.- An 
tated 1ated observed excess 
An 
0.025 .86 0.83 34.4 -
0.0375 1.20 1.12 31.0 -
0.050 1 • .32 1.31 26.4 -
0.060 1.41 1.41 23.5 -
+ 
0.075 1.14 -- 15.2 t 
Equation: Ab = 40 - 275 An 
An 
TABLE 10 
PRECIPITIN REACTION OF SVII 









Mg. An(SVII) Mg. Ab Mg. Ab Ab Tests on supernatant 
added preeipi- calcu.-
tated 1ated 
0.05 1.35 1.33 
0.075 1.49 1.59 
0.100 1.63 1.60 
0.125 1.51 
--
Equation: Ab = 37 - 208 An 
An 
An excess observed excess An Ab 









PRECIPITIi REACTION OF SVIII 
WITH RABBIT t-GLOBULIN VIII 
Mg. An(SVIII) Mg. Ab Mg. Ab Ab '. Tests on supernatant 
added preeipi- ealeu- An 
tated 1ated observed excess An 
0.025 1.02 1.05 40.8 
-
0.0375 (1.16) 1.53 (31.0) -
0.050 1.93 1.90 38.6 -
0.075 2.59 2.55 34.5 -
Equation: Ab = 46 - 159 An 
An 
TABLE 12 
PRECIPITIN REACTION OF SXIV 







Mg. An(SXIV) Mg. Ab Hg. Ab Ab Tests on supernatant 
added precipi- calcu-
tated 1ated 
0.050 1.96 1.64 
0.075 2.19 2.12 
0.100 2.37 2.37 
0.125 2.49 2 • .38 
Equation: Ab = 43.2 - 191 An 
An 
An 
observed excess excess An Ab 
39.2 - i 

















DATA OBTAINED FROM PRECIPITIN DETERMINATIONS 
Gm. speci- Composition of the specific preci-
fic anti- R= Slope = j)Jtate at~ -the eQuivalence point 
body per intercek,!t R2 gm.. An per 
lOOgm.. 2 A mg. Ab mg. An 100 gm. per-
}f-g1obulin A cip1tate 
14.9 15.1 153 1.49 0.098 6.2 
28.8 28.0 240 3.24 0.116 3.5 
20.2 25.0 300 2.08 0.083 .3.8 
19.4 16.5 150 1.83 0.110 5.6 
15.4 20.0 275 1.45 0.07.3 3.3 
14.4 18.5 208 1.65 0.089 5.0 
.30.0 23.0 159 3.00 0.1.30 4.1 












2.0 ... _ll ---, .. _--- --- 60 . 
r 
.~, 
~ 1.5 50 0-
"t1•0 40 j' 
lO.5 30 
Antigen added in mg. (An) 
Figure 11. Precipitin Reaction Betwen Pneumococcal Polysaccharide 
TYPe II and Rabbit t-Globulin II. 
C.rve I is a plot of Ab/An against An added • 




antigen and ant1boqy can be calculated. The observed results of the quantita-
tive preciptin determinations on each of the rabbit ~-globulin solutions 
and the calculated values for the amount of antibody precipitated have 
been listed in Tables 5 to 12. The pertinent data from these eight tables 
has been summarized in Tabie 13. 
Figure 11, curve I, is an example of the straight line obtained when 
Ab/An is plotted against ~. 
When increasing amounts of a homologous antigen are added to aliquots 
of an immune seram., increasing amounts of antibody will be precipitated. At 
one point a maximum amount of antibody will precipitate and tests on the 
supernatant solution will indicate neither antigen nor antibody. If a 
greater amount of antigen is added to a similar aliquot of the serwn, a 
" decrease in the amount of precipitated antibodJr will be observed. If, 
however, the antigen preparation is a mixture of two or more antigens, this 
decrease will not be apparent. Instead, when the amount of antibody pre-
cipitated is plotted against the amount of antigen added, the curve obtained 
will have a very broad max:i.mum. Curve II, figure 11 represents the 
characteristic curve for a pure antigen. The data obtained from preciptin 
reactions with all po~saccharides except SVIII when plotted in this manner 
produced curves with a maximum. These antigens, therefore, appear to be 
pure. In the case of SVIII, insufficient antigen was added to reach the 
equivalence point so that no decision concerning the purity of SVIII can 
be reached. 
2. Specific Antigen-Antibogy Precipitates. 
The eight rabbit antibodies were precipitated with an amount of specific 
polysaccharide calculated to bring the mixture to the equivalence point. 
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The supernatant solutions contained neither excess antigen nor antibo~. 
The composition of these preparations calculated from the equation 4 in 
Section IV-B,l is given in Table 13. 
c. Characterization of DNP-Proteins 
1. Stabilitl~ . 
If the free amino groups of the protein are ~~ be determined bT 
Sanger's DNFB method (82), it is essential that the possibility of ~dro~sis 
of the I-terminal amino acids during the preparation of the DNP-protein not 
be overlooked. If the bond involving the carboxyl groups of the N-terminal 
amino acid is especiallY labile, much of this residue would be present in 
the mother liquor as the DNP-derivative and would not be quantitatively 
recovered from hydrolysates of the DNP-protein. Also, Thompson (108) 
. 
has shawn that an N-terminal asparagine can often be distinguished from 
an N-terminal aspartic acid residue b.r an examination of the mother liquor. 
No hydrolysis of human (f-g1obulin was evident after treatment with an 
alcoholic solution of DNFB at pH 8.5 for as long as 16 hours. The super-
natant solutions from three DNP-human t-g1obulin preparations and from 
DNP-equ!ne Y-g1obulin contained no free DNP-amino acids or peptides. 
Rabbit I-globulins, however, appear to be less stable. Several DNP-amino 
acids were present in the supernatant solutions of rabbit t-globulins I 
and N after treatment with DNFB for onlY 3 hours. Additional DNP-amino 
acids were found to be hydrolyzed from rabbit 2f'-globl1lin M which was treated 
wi th DNFB for 24 hours. The DNP-amino acids present in the supernatant 
solutions of DIP-rabbit t-globulin are listed in Table 14. No DNP-derivative 
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TABLE 14 
AMIN.O ACIDS HYDROLIZED FROM RABBIT 
~ -GLOBULINS DURING TREAmmrr WITH DNFB 
The "reaction time" of 2( -globulin I.· N and M was 3. .3 and 24 hours 
respectively. 
DNP-amino I N M 
acid identified 
Asparagine - - + 
Aspartic acid + t t 
Glutamic n 
- - + 
Alanine + + + 
Valine i- t + 
Leucine or isoleucine i- t .,.. 
Serine + + + 
Threonine f - ± 
E -Iqsine i + t 
appeared to be present in an amount greater than 0.05 moles per 160.000 
gm. of protein. The significance of the presence of these DNP-amino acids 
in the mother liquors will be discussed in Section IV-F.l. 
2. Composition. 
To determine the number of tree amino groups:'~per molecule of protein 
by the DNFB method. the weight of dry protein present in the DNP-prepara-
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tions mast be known. This intormation can be calculated if the moisture 
content of the preparation, the amide content of the dr.r protein and the 
air-equilibrated DNP-protein and the antigen content of the antiboqy-
antigen complexes are known. The results of the amide and moisture 
determinations are listed in Table 15. In eases where there was an 
insurricient quantity of the preparation to determine moisture and 
amide content, values for the amount of dr,y protein in the air-equili-
brated DNP-proteins have been assumed. These assumed values (in brackets) 
together with calculated values are listed in Table 16. All values for 
antiboqy preparations are corrected for the presence of antigen using the 
data in Table 13. Equine antiboqy III was assumed to be 5 per cent 
antigen. It has not been derinite~ established, however, whetper the 
antigen-antibo~ complexes dissociate during the preparation of the DNP-
derivatives. The complexes are insoluble in NaHC03 solution (i-globulin 
is not) and remain so on addition of the alcoholic solution of DNFB. It 
is, therefore, unlikelY that dissociation of~he precipitates occurs. 
D. Absorption Behaviour of DNP-Amino Acids 
The characteristic absorption, spectrum of a solution of DNP-L-
alanine (20 "M) in 1 per cent NaHC03 is reproduced in Figure 11. The 
absorption curves of solutions of DNP-L-aspartic acid and DNP-DL-glutamie 
acid in 1 per cent NaHC03 and {-DNP-L-~sine in 1 N HCl were ver,r 
similar to Figure 12. All four solutions exhibi ted maximum. absorption at 
360 JI91. Table 17 lists the absorbaney indices of the four DNP- amino 
acids at 350 IlJl, 360 • and 390 mp.. These data agree with those recentlY 
Protein 




















THE AMIDE AND MOISTURE CONTENT OF 
GLOBULIN PREPARATIONS 
Water Amide NII.3 
in air in air 
equilibrated equilibrated 
protein DNP-protein 





































COMPOSITION OF DNP-PROTEINS 
The figures in brackets are assumed values. All antibodies have 
been corrected for the presence of antigen. 
Protein 











































reported by Rao and Sober (85). 
The absorbancy of all ~-DNP-lysine solutions (1 N HCl) was, therefore, 
determined at 390 ~ using an absorbancy index of .0109 x 106 liters/mole/ 
em. Thus, if O,-DNP-tyrosine were present, no interference would result 
(Section III-D,4a). The absorbanc.y of the neutral and acidic DNP-amino 
acids was always determined at 350 ~ using the values of a listed in 
Table 17. The wavelength, 350 ~, had been used before DNP-L-alanine, 
DNP-L-aspartic acid and DNP-Dt-glutamic acid bad been obtained in a form 
sufficient~ pure enough to be used for the preparation of standard 
solutions and was, therefore, used in all subsequent measurements. The 
absorbancy index of DNP-DL-serine, DNP-L-valine and DNP-L-isoleueine at 
350 mu in 1 per cent NaHC03 were determined from the absorbancy of 
standard solutions and are also in Table 17. 
E. Free Amino Groups of Serum Globulins 
The following results have been calculated assuming the mole-
cular weight of human, bovine, equine and rabbit ~-globullns is 160,000. 
This is probably verr close to the true molecular weight of rabbit and 
human if-globulin. Bovine and equine 6 -globulin, however, appear to have 
molecular weights nearer 180,000. 
It should be noted that the greatest source of error in these 
determinations is in the application of the correction factors for the 
recover,y of DNP-amino acids after acid hTdrolYsis. The recover,y values 
used in all calculations were those reported by Porter and Sanger (88) 




320 340 360 380 400 
Wavelength I¥' 
Figure 12. Absorption Spectrwn. of DNP-L-Alanine. The solution 




ABSORBANCY INDICES OF DNP-AMINO ACIDS 
All compounds were dissolved in 1 per cent NaRCO, solution except 
E' -DNP-L-lysine which was dissolved in 1 N He1. 
a .x 10-0 liter mo1e-.L cm-.L 
DNP-amino acid 
.350 mJl 360 11)1 390 mp. 
L-Alanine 0.0158 0.0172 0.0103 
L-Aspartic acid 0.0161 0.0178 0.0106 
DL-G1utamic 
" 
0.0158 0.0176 0.0108 







a known amount of the DNP-amino acid in the presence of a suitable amount 
of globin. 
1. Rmnan ¥'-G1obulins I1-1.2 and 11-3. 
The experimental conditions and the results of several determina-
tions of the free amino groups of human Y -globalins are presented in 
Tables 18 and 19. '( -Globulin I1-1,2 has one I-terminal aspartic acid, 
approximatelT two N-termina1 glUtamic acids, a trace of UN-terminal" 
serine and 75 lysine residues per mole. 6' -Globulin 11-3, however, has 
eqaal amounts of N-termina1 aspartic and glutamic acid, slightq more 
se~ne and 73 qsine residues per m.o1e. These results have been confirmed 
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by Putnam (83). 
The lysine content of both ¥-globulin fractions agrees well with the 
microbiological determinations of Smith and Greene (96). The results for 
human 3'-globulins II-l,2B and I1-.3B (these preparations were shaken with 
alcoholic DNFB for 16 hours instead of the usual 3) show no significant 
difference in the recovel'7 of arrr of the amino acids. Similarly, DNP-human 
Y-globulin 11-3C prepared in pH 6.5 phosphate buffer produced results not 
differing significantly from the other preparations. 
These data confim the previous indications that normal human 
t-glob111in is a mixture of several different proteins (Section II-D). Some 
or all of these different i-globulin molecules must be composed of either 
two or more polypeptide chains or branched polypeptide chains otherwise 
the occurrence of more than one N-terminal residue cannot be explained. 
According to Desnuelle and Casal (22) the presence of small amounts 
of DNP-serine in hydrolysates of DNP-proteins is probablJ" due to labilit;r 
of the bond involving the amino g~p of serine. A rearrangement 
comm.onlT referred to as an "acyl shifttt could presumably occur during the 
isolation of the protein or the preparation of the DNP-deri vati ve. An 
ester bond could be fonned from hydro:ql· groups of serine or threonine 
as follows: 
o H H 0 
II I I 11 
-C-N-C-C-\ ,~-
HO-CH2 
o H2 H 0 
II I I II 
-0. N-C_C_ 
" I O-CH2 
The amino group would then be available for reaction with DNFB. 
TABLE 18 
FREE AMINO GROUPS OF HUMAN O-GLOBUL1N 11-1,2 
Mg. of DNP- Time of 
Moles of 
amino acid per 160,000 gm. of protein 
protein hTdrolysis aspartic glutamic serine ly'sine 




120.1 25 (0.11)8. 2.10 -- 73 
105.4 24 1.07 1.90 -- 70 
206.4 24 1.07 1.80 0.10 --
212.9 23 1.12 1.70 0.10 77 
191.7b 18 0.98 1.60 0.10 81 
Average 1.06 1.82 0.10 75 
Average deviation ±O.04 ±O.14 ± 4 
Microbiological values for lYsine reported by Smith at a1. (96) 79 
a The figures in brackets have been omitted from the average. 
b This preparation was DNP-human ~globulin 11-1,2B. 
Gm. of ~- Gm.. of ly 
sine per sine resi 
100 gm. of due per 1 ,00 











7.2 :t 0.3 
TABLE 19 
FREE AMINO GROUPS OF HUMAN if -GLOBULIN 1I-3l~ 
Mg. of DNP- Hydrolysis time Moles of amino acid p~r 
protein in 6 N Re1 160,000 gm. of protein 
hydrolyzed at 1050 aspanl.C gl.U'taml.C serine 
acid acid 
hours 
138.4 25 (0.64)& 0.89 --
l25.0 25 1.07 1.07 
--
l21.0 24 (1.40)& (1.30)& --
100.0 24 0.89 1.25 
--
129.1 24 1.20 (1.30)a -
214.2 24 0.98 0.98 0.26 
206.8b 24- 1.07 0.97 0.24 
205.0c 23 0.98 0.98 0.10 
183.7c l2 0.87 0.94 0.10 
Average 1.01 1.00 0.17 
Average deviation ±0.09 ' to·09 to·OS 
Microbiological values reported by Smith at 81.(96) 
a These values have been omitted from the averages. 
b This preparation was DNP-human (-globulin 1I-3C. 
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±O.27 ;to. 23 
6.3 t 0.2 
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2. Abnormal Human t -Globulins. 
The free amino groups of theset-globulins are listed in Table 20. 
Both multiple myeloma globulins possess two I-terminal glutamic acid residues 
per mole (160,000). A typical chromatogram confirming the presence of DNP-
glutamic acid is pictured in Figure 13. The lysine values, however, differ 
considerably. Multiple ~e1oma globulin A has the lysine content of 
normal b.um.a.n ~globulin whereas, lI1'e1oma. globulin B has a significant17 
bigher amount. Recently Grisolia and Cohen (.35) have isolated D\V'e1oma 
proteins that contained abno~ large amounts of lysine. However, none 
had such a low mobility as myeloma globulin B (p.:=.O.5). Putnam (8.3) has 
determined the I-terminal amino acid residues of certain multiple ~eloma 
proteins. Three lI1'e1om.a proteins with an electrophoretic mobility of 
-1.1 x 10-5 cm2/vo1t/sec were found to have 2 moles of N-terminal aspartic 
acid. The protein with an electrophoretic mobility of -().7 x 10-5 cm2/ 
vo1t/~ec had neither aspartic nor glutamic acid as its N-terminal residue. 
Cr,yoglobulin is also an abnor.m8l protein found in the sera of multiple 
~eloma patients. The results obtained from the pure preparation, 
cr;roglobulin B, suggest that this preparation is a mixture of two or more 
proteins, one of which has at least three N-termina1 residues. Putnam (83) 
isolated a er,yog1obulin yielding 1.8 moles ot N-terminal aspartic acid but 
onlr 0.14 moles of N-termina1 glutamic acid. 
3. Rabbit 'i' -Globulins and Antibodies. 
The results in Table 21 demonstrate conclusively that the eight 
rabbit antipneumococcal antibodies, normal and hyperimmane rabbitt-globu-
lins, as well as the 't -globulin remaining after antibody has been removed 
TABLE 20 
FREE AMINO GROUPS OF ABNORMAL HUMAN Y -GLOBULINS 
Moles ot amino &cid per 160,000 
DNP-Protein H7drolysis gm. protein 
and amount time in 6 N aspartic gl.tamic lysine 
hydrolyzed HC1 at 1050 acid acid 
hours 
Cryoglobulin 16 (1.15)& (1.08)a 73 
A (86.6 mg.) 
Cr.rog1obulin 17 1.35 1.25 66 
A (30.0 mg.) 
Cryoglobulin 18 1.45 1.26 (59)& 
A (23.0 mg.) 
Average Cryo- 1.40 1.26 70 
globulin A 
Cryoglobulin 18 1.49 1.53 69 
B (15.5 mg.) 
Myeloma A 18 -- 2.01 70 (105.8 mg.) 
Myeloma B 18 -- 2.10 99 (96.5 mg.) 
a 
These values are omitted from the averages. 
Gm. constituent 
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Figure 13. A Chromatogram of the Acidic DNP-Derivative Isolated from 
an 18 Hour Hydrolysate of DNP-H1I.lD.SJl Myeloma Globulin A. This chromatogram, 
on Whatman #1 paper was developed for 22 hours with 1.5 M phosphate buffer. 
A and B were control mixtures of the DIP-amino acids indicated. I was the 
DNP-derivative isolated from the hydrolysate and tentative~ identified by 
its behaviou.r on Celite CG1'lJlQlls as DNP-glutamic. The fwr DNP (dinitrophenol) 
spots were decolourized b.Y Hel fumes. 
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TA.BLE 21 
FREE AMINO GROUPS OF RABBIT 6 -GLOBULINS 
Moles per 160,000 gm. Gm. of ly- Gm.. of ly-
Preparation of protein sine per sine residue s 
alanine aspartic lysine 100 gm.. of per 100 gm. • 
acid protein of protein 
t-G1obulln I 1.17 present 72 6.61 5.79 
II I 1.18 0.46 77 7.05 6.20 
" Ib 0.99 0.41 66 6.02 5.30 
" 
Ib 1.04 0.48 69 6.30 5.52 
" 
M O.f!f7 ·0.36 70 6.36 5.56 
It M 1.30 0.41 69 6.30 5.52 
It N 1.04 0.29 73 6.65 5.87 
If N 0.9.3 0.28 68 .6.20 5.40 
Antibody' I 0.99' 0.41 68 6.24 5.47 
" II 0.96 0.47 7.3 6.66 5.82 
n II 0.95 0 • .38 76 6.82 5.95 
" III 0.96 0.36 68 6.18 5.40 
" 
IlIa 1.14 0.52 70 6 • .36 5.56 
" 
IV 1.08 0.48 6S 6.17 5.40 
" V 0.87 0.35 72 6.58 5.77 
II V 0.90 0.50 69 6.25 5.50 
n VII 0.89 0.42 68 6.20 5.42 
1t VIII 1.17 0 • .36 67 6.08 5.35 
1t XIV 1.04 0 • .3.3 70 6.35 5.56 
Average 1.0.3 0.40 70 6.39 5.60 
Average deviation to.l0 to.06 :I: 2 !O.22 to.19 
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b.r specific precipitation all possess the same N-terminal amino acid, 
alanine, and the same content of 1y'sine, 6 • .39 per cent. These results 
confirm. the findings of Porter (80). Besides DNP-alanine and E -DNP-
lysine, trace amounts of DNP-valine, DNP-serine, DNP-threonine, DNP-
leucine and DNP-glutamic acid, as well as significant amounts of DNP-
aspartic acid, were found in the bydro1y'sates of the DNP-proteins. No 
DNP-g1y'cine, DNP-proline, DNP-arginine or di-DNP-histidine was identi-
fied. A chromatogram confir.ming the identity of DNP-alanine is shown 
in Figure 14. A possible explanation for the presence of the DNP-deriva-
ti ves . of serine and threonine has previously been discussed. Because it 
is known that some breakdown of the protein occurs during the preparation 
of the DNP-protein, the presence of small amounts of other DNP-amino acids 
in the hydrolysate is not surprising. The presence of relatively large 
amounts of DIP-aspartic acid, however, is quite unexpected. Free aspar-
tic acid was recovered from the DNP-· compound (Section III-D-.3c) and 
identified on a phenol chromatogram b,y its position and characteristic 
tu~oise color so there can be no question of incorrect identification. 
Also, no significantly greater amount of DNF- aspartic acid was found in 
the hydro1y'sate of rabbit antibod7 IlIa. Therefore, the presence of as-
partic acid cannot be attributed to an adsorption phenomenon. It seems 
probable that in the rabbit (-globulin molecule, a sequence such as ser,yl-
aspartyl or threon11asparlyl occurs. Such bonds would be extremely labile 
and possibly are broken during the treatment with DNFB. The o(-amino group 
of the aspartyl residue could then r~act with DNFB and DNP-aspartic acid 
woud occur in the hydroly'sates. The possibility that some rabbit 
A. X + 
DNP-ALA 
" ... , 
DNP : \ , .. , 
• 
I , 
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Figure 14. A Chromatogram of a DNP-Derivative Isolated from an 18 Hour 
Hydrolysate of DNP-Rabbit Antibody' VII. This chromatogram on Whatman #1 
paper was developed for 25 hours on 1.5 M phosphate buffer. A and B were 
control mixtures of the DNP-amino acids indicated. X was the DNP-derivative 
isolated from the bydrol1sate and tentative~ identified b.r its behaviour on 
Celite columns as DNP-alanine or DNP-proline. The DNP spots were decolourized 
by' Hel .t'"'maes. 
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t'-globulln molecules (approximate!1" 40 per cent) mal" be branched polypep-
tide chains with one N-ter.minal aspartic acid and one I-terminal alanine 
cannot be excluded. Porter (80) did not observe ar:rr DNP-aspartic acid in 
th. h7dr0!1"sates of DNP-rabbit }(-globulin or antiovalbamin. He emplol"ed 
unbatfered silica-gel columns and mixtures of chloroform and butanol for 
the separation of DNP-derivatives. Under these conditions DNP-aspartic 
acid would not move down the column. He reports the presence of a 
stationar,y band but, unable to identif,r it as ~ DNP-amino acid, he 
concluded that it was an artefact. 
The preparation of the DNP- protein in pH 6.5 phosphate butter 
(Q-globalin IB) and the treatment of the protein with DNFB for 24 hours 
Of-globulin M) had no significant effect on the recover.r of aqy of the 
DNP-amino acids. 
Because of the existence of a free Ii-terminal amino group, the amino 
group of N-tenninal alanine cannot be involved in a chemical bond with the 
antigen (assuming that the antigen-antiboqy precipitates are not dissocia-
ted during the preparation of the DNP- derivatives). 
4. Bovine and Equine Globulins. 
Rabbit~-globulin has been found to possess one N-terminal residae; 
h'tman Y-globulin fractions, two or more. Bovine and equine globulins 
present still another picture. As seen in Tables 22 and 23 these prepa-
rations contain several N-terminalres1dues. In addition to the amino 
acids in Table 22, DNP-bovine n-globtilinA hydrolysates contained traces 
ot DIP-leucine or isoleucine. All are present in less than molar quanti-
ties. This means that these preparations that are homogeneous in the 
TABLE 22 
FREE AMINO GROUPS OF BOVINE ~ -GLOBULIN A 
Mg. of DNP- Time of Moles amino acid per Gm. l1'sine Gm. l1'sine 
protein by'drol.y'sis 160.000 ggt. ot protein per 100 gm. residue 
hydrol1'zed in 6 N Rel aspartic glutamic serine alanine valine lysine protein per 100 gm • 
at 1050 acid acid protein 
hours 
127.3 24- 0.19 0.21 trace trace trace 72 6.62 5.81 
2]3.9 19 (0 • .32)8 0.22 0.06 " " 75 6.94- 6.09 
217.7 4- 0.10 0.08 - -- -- -- -- -
234.8 18 0.10 0.14 0.12 0.09 0.13 -- -- --
486.9 7 0.1,3 O.OS 0.10 trace 0.09 - - - ~ 
Average 0.13 0.15 0.09 0.09 O.ll 73 6.78 5.95 
Average deviation to.O) ±a.05 ±o.02 to.02 ±2 ±o.16 t;).14 
Microbiological values for lysine reported by Smith at ale (96) 74 6.8 
tc>.2 
~ -~--
a Figures in brackets are not included in the average. 
TABLE 2.3 
FREE AMINO GROUPS OF EQUINE SERUM GLOBULINS 
DIP-protein Moles amino acid per 160,000 of protein Gm.of Gm. of Tota1.mo1es 
and amount ,leu lysine lJ"sine N-termina1 
b;rdrolJrz"ed asp glu ser thr ala val or ~sidue amino acid 
lIn lys per 100 gm. protein per 160,000 gm.. protein 
't-G1obulin 0.15 0.09 0.09 0.0'; 0.06 0.15 0.17 76 6.96 5.99 9.74 
(42.3.7 mg.) (8.6:t: 0.2)a ... 
T-G1obulin" 0.19 0.07 0.16 0.09 0.14 0.16 0.14 74 6.72 5.89 0.81 (501.8 mg.). (6.7.:1: 0.2)a 
Antibody II~ 
(106 • .3 mg.) 0.2.3 0.10 0.07 -- 0.44 
0.18 0.09 7.3 6.66 5.84 1.11 ~ 
Antibody IIJ 0.2.3 0.18 0.14 
-
0 • .38 0.18 0.08 74 6.75 5.94 1.19 
(12.3.0 mg.) 




a Values detennined microbiolegical.lJr by Smith et a1. (96). 
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electrophoresis apparatus and the ultracentrifuge are nevertheless heterogeneous 
mixtures of proteins. Even the specifical~ preci~itated equine antipneu-
mococcus antiboq, appears to be a mixture of several proteins. Bovine 
t-globulin B (not listed in Table 22) has been examined qualitatively for 
N-terminal amino acid residues. This preparation is also a heterogeneous 
mixture which contains the same N-tenninal residues as bovine '0 -globulin 
A. The amounts present. however, may differ. 
The ~sine content of bovine t-globulin A and that of equine T-
globulin agree with the values determined by Smith (96) by microbiological 
methods. The agreement between the two values for equine 't -globulin. how-
ever, is not good. This may be due to an unavailability of some of the 
E -amino groups of lysine for reaction with DNFB (79). 
The fa~t that the total number of N-terminal residues of bovine 
'¥'-globulin A and of equine "t-globulin is much less than one can be ex-
plained b.1 the existence in the mixtures of proteins having N-terminal 
tr.rptophan, arginine, or histidine residues which were not detected or 
having no N-terminal amino acid residues. 
F. N-Te:rminal Sequence of "1-Globulins 
1. Rabbi t Anti bodies. 
The method of separation, the approximate R values and the identi-
fication of the DNP-compounds isolated from the partial hy"droly'sates of 
the four rabbit antibodies are summarized in schematic form in Figures 
15 to IS. These DNP-amino acids and peptides, together with the approxi-












































Figure 15. Method of Separ6.t.1on of DNP-Derivatives from a Partia.l 
H1drol1sate of Rabbit Antibo~ I. 
-84-














































Figure 16. Method of Separation of DIP-Derivatives from a Partial 










R >1.0 R=O.20 
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Figure 17. Method ot Separation of DNP-Deri vati ves from a Partial 
H1drol1sate of DNP-Rabbit Antiboqy Vlllr 
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Figare 18. Method of Separation of DIP-Derivatives f~ a Partial 







DNP-AMINO ACIDS AND PEPTIDES ISOLATED FROM PARTIAL 
HYDROLYSATES OF RABBIT ANTIBODIES 
Hydrolytic Yields in Yield or 
conditions Compounds identified moles per DNP-alanine 
160,000 gm. and 
of protein its protein 
6 N Hel, 1 DNP-aspartic acid 0.25 0.86 
hr. 1100 




DIP-leucine (valine) 0.06 
DIP-alanine 0 • .33 
DNP-alanine (leu- 0.22 
cine) 
DNP-a.lanine (leu- 0.2.3 
cine, valine) 
DNP-alanine (leu- 0.08 
cine, valine as-
partic acid) 
12 N Bel, DIP-aspartic acid 0.11 0.7.3 
6 daY'S, 
.37° DIP-serine 0.0.3 
DNP-leucine 0.04 
DNP-leucine (valine) 0.02 
DNP-alanine 0.49 
DNP-alanine (leu- 0.15 
cine) 




TABLE 24 CONT. 
Hydrolytic' Yields in Yield of 
Antibody conditions Compounds identified moles per DNP-alanine 
160,000 gm. and 
. ' 
of protein its protein 
DNP-alanine (leucine, 0.03 
valine, aspartic 
acid) 
DNP-alanine (leucine, 0.02 
.. 
valine, aspartic 
acid, glutamic a.cid) 
1 
VIII 12 N HCl, DNP-aspartie acid 0.20 0.57 
6 days, ... 
37° ; DNP-serine 0.05 




DNP-alanitie (leu- 0.15 
cine) " 
DNP-alanine (le\1.- 0.05 
cine, valine) 




, DF-alanine (leucine, 0.02 
valine, aspartic acid., 
glutamic acid) 
XIV l2 N Hel, DNP-aspartie acid 0.17 0.87 
6 days, 
37° DNP-serine 
. ' 0.15 
DNP-glutamic acid 
" DNP-leucine 0.06 
DNP-leucine (valine) 0.05 
" DNP-alanine 0.31 
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TABLE 24 CONT. 
Hydrolytic Yields in Yield of Antibody conditions Compounds identified moles per DNP-alanine 
160,000 gm. and 
or protein its protein 
DNP-alanine (leucine) 0.15 
DNP-alanine (leucine, 0.17 
valine) 
DNP-alanine (leucine, 0.17 
valine, aspartic 
acid) 
DNP-alanine (leucine, 0.07 
valine, aspartic 
acid, glutamic acid) 
the free amino acids isolated from the bydro17sates of the DNP-deri vati ves 
found in a partial hydrolJrsate of DNP-rabbit antibody XIV is pictured in 
Figure 19. The N-terminal amino acid of each peptide is given in 
brackets at the top of the chromatog~. These fOUr rabbit antibodies 
possess the same N-terminal sequence that was found by" Porter (SO) 
to occur in nonnal rabbit t-globulin and antiovalbamin. The fact that 
this sequence, al~11euc.ylva~lasp&rt7lglut~1, is identical in all 
the preparations of rabbit '((-globulin studied stronglJr suggests that 
the protein-synthesizing cells of the rabbit, unlike those of the human 
horse and cow, manufacture onl;r one species of '6 -globulin. 
Porter (80) reported the occurrence of two DNP-peptides which 
although separable on silica-gel columns, when ~dro~zed, both gave 
rise to DNP-alanine and free leucine, valine and aspartic acid. He con-
DNP- DNP-ala DNP-1eu 
asp ,. ~.~:..~~. ~ "\ 
A 50 51 S2 S,3 54 55 56 57 B 
~ 8 0 0 0 e • 
0 0 0 0 0 
a 0 
B 0 0 0 0 0 0 0 }r 
IS" 
0 
0 0 0 0 0 0 
0 0 0 0 0 0 0 0 
22· \ 
Figure 19. A Chromatogram of the Free Amino Acids Isolated from DNP-Rabbit 
Antibo~ XIV. This chromatogram on Whatman 11 paper was developed for 41 hours with 
butanol-acetic acid. A and B are control mixtures of the amino acids indicated. So) 
51 etc. refer to the acid fraction of the ~drolysates of the DNP-derivatives so designated 
in Figure 18. The DNP-amino acids listed at the top of this chromatogram were found in the 





eluded that the presence or an amide group on the aspartyl residue in 
one of the peptides explained this observation. From each of the par-
tial hydrolysates of the four antibodies, only one peptide containing 
alanine, leucine, valine and aspartic acid was isolated. However, be-
cause the bands on the column corresponding to this compound were diffuse, 
it is quite possible that two different peptides were present but not 
resolved. 
No pentapeptide was isolated from the partial ~dro~sate of DNP 
antibod1" I. This particular hydrolysis was perfonned in 6 N Hel rather 
than 12 N Hel, a condition which would presumab~ facilitate the cleav-
age of the aspartylglut~l bond. 
Worthy of note is the occurrence of DNP-leucyl valine in three 
of the four hydrolysates. In the complete hydro1ysates of DNP-rabbit 
antibodies and ¥ -globul.ins small amounts of DNP- leucine and DNP- valine 
were present (Section IV-E,.3). This fact, together with the occurrence 
of small amounts of DNP-leucylvaline suggest tha.t rabbit 1-g1obullns 
exist which lack the N-terminal alanine or alanrlleucine residues. These 
incomplete proteins also appear to be precipitated by the various antigens 
indicating that N-terminal alanine, for example, is not necessar,y for 
antibody activity. Porter (80), however, has isolated large polypeptides 
from papain digests of rabbit antiovalbumin which are specific inhibitors 
of the antigen-antiboqy reaction and which possess the N-terminal sequence, 
ala. leu. val. asp. These incomplete proteins may be artefacts formed 
during treatment with DNFB. As seen in Table 14, the DNP-amino acids 
found in the mother liquor of the DNP-protein are primarily those at the 
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N-terminal end of the chain. Also, the fact that DNP-asparagine is found 
here sUbstantiates Porter's theor,y that the aspartic acid in the N-terminal 
peptide is amidated. 
2. Human MultiEle MYeloma Globulins. 
The method of separation, the approximate R values and the identifi-
cation of the components in the partial hydrolysates of these two DNP-pro-
tines are shown in Figures ~O and 21. It appears that a n,drolysis time 
of 5 days for multiple ~eloma globulin A and 4 ~s for multiple 
BlJ"eloma globulin B is too great. Although very Bmal1 amO\Ults of DNP-
gl\1.t8J'DY'1 peptid.es were recovered, the main product of both hydrolJrses 
was DNP-glutamic acid. The amount of each peptide recovered was so 
small that positive identification of the amino acids was impossible. 
There is some indication, however, that multiple ~eloma globulin A 
is composed of two different polYPeptide chains, one with the N-terminal 
seqaence gl.t~lal~l, the other with the sequence glut~lleucyl 
(or isoleueyl). DNP-glutaIQ"lleucine (or isoleucine) was also found in 
the hTdrol1sate of multiple ~eloma globulin B. 
G. C-Terminal Amino Acid.s of o-Globulins 
1. Rabbit (-Globulins and Antibodies. 
It is evident from the results in Table 25 that the conditions for 
the deter,mination of C-ter.minal amino acids with carboxypeptidase have 
yet to be perfected. The concentration o£enzyme used was apparent~ too 
great. Sampling at intervals of 15 min~es would have perhaps yielded 
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ala, leu or 
lleu 
,Figure 20. Method of Separation of DNP-Derivatives from a Partial 
HydrOl1'sate of DNP-My-eloma Globulin A. 
from )(-globulin IV, however, is identical with that obtained from anti-
body XIV. It is also apparent from these results that the carboXJ"'l group 
of the C-termina1 amino acid of both rabbit Y-globulin and antiboqy is 
free. The C-terminal carboXJ'"l group of the antibody, therefore, cannot 
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Figure 21. Method of Separation of DNP-Derivatives from a Partial 
Hydrolysate of DNP-Mjr'eloma. Globulin B. 
2. Human (-Globulins. 
Even in the few seconds required to take a "zero time" sample of 
the multiple ~eloma gloPulin A-carboxypeptidase mixture, at least six 
different amino acids were present in solution. These amino acids were 
definitely hydrolyzed from the r -globulin molecule by' carboxypeptidase 
because no amino acids were present in the enzyme or protein control. 
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TABLE 25 
THE ACTION OF CARBOXYPEPTIDASE OW RABBIT lr'-GLOBULINS 
A. Rabbit (-globulin IV (160 mg.) and carboxypeptidase (2 mg.) were 










Amino acids present in protein free supernatants of 0.4 










n n tt tyr 
B. Rabbit t -globulin IV (200 mg.) and carbo:xypeptidase (5 mg.) were in-
cubated in .3.5 ml. 0.1 per cent NH4~e solution (pH 7.76) at .370 • 
InCRbation Amino acids present in protein free supernatants of 0.4 




1 ala glu (ser) 
leu 
.3 1t " n (asp) val i1eu (tyr) 
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TABLE 25 CONT. 
C. Rabbit antibody XIV (150 mg.) and earbo:x;ypeptidase (5 mg.) were in-









Amino acids present in protein free supernatants of 0.5 
mI. aliquots (identified on BuOH-HOAe and phenol-NH3 chromatograms) 
ala glu (ser) 
leu 
tf tt n (asp) val (and or 
ileu) 







tt tf tt tf tyr 
An unidentified spot staining pink with ninhydrin-colli dine sp~ 
was present in 1, 3 and 5 hour samples. 
Because of the availability of large amounts of human~-globulin II-l,2, 
an attempt was made to establish the proper conditions for the deter-
mination of the C-terminal residues of the myeloma. proteins. It was found 
that by incubating 250 mg. of human Y-globulin I1-l,2 and 2 mg. of carbo:x;;y-
peptidase in 5.0 mI. of buffer, a slow liberation of amino acids resulted. 
However, because Y-globulin I1-1,2 is a mixture of proteins no other use-




THE ACTION OF CARBOXYPEPTIDASE ON HUMAN ¥ -GLOBULINS 
A. Human multiple myeloma globulin A (250 mg.) and carbo:qpeptidase (5 mg.) 
were incubated in 5 ml. 0.1 M NH4Ac solution (pH 7.5) at .37~ 
Incubation Amino acids present in protein free supernatants of 0.5 ml. 
time aliquots (identified on BuOH-NOAe and Pheno1-NH3 chromato-grams) 
.. 
- .-
minutes ly's ? ser glu ala tyr met: leu or 
or val ileu 




+f ± ± ++ ++ 
-
30 + t+ + + ++ ++ + 
60 + ++ + + ++ ++ 1: 
100 + +t ++ + ++ ~-t ± 
150 + +-t ++ ++ +-t ++ + 
-
310 + ++ -t+ t+ + +t 4-
-
B. Haan ¥-glob'a.l.in II-1,2 (250 mg.) and carboJC7Peptidase (2 mg.) were in-
cubated in 5.0 ml. 0.1 M NH4Ac (pH 7.5) at 370. 
Incubation Amino acids present in protein tree supernatants of 0.3 ml. 




















glutamic or threonine 
t1 It 
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H. Amino Acid Composition of r-Globulins 
1. Rabbit Antibodies 
Figures 22 and 23 are typical examples of the elution curves for the 
acidic and basic amino acids obtained by ehromatography of 70 hour rabbit 
antiboqy h7drol1sates on Dowex 50 columns. Table 27 presents the results 
of all the determinations expressed as number of grams per 100 grams of 
protein of each amino acid residue recovered atter chromatography of 20 
and 70 hour hy'drolysates of the four antibodies. 
It is evident from this table that progressive decomposition of 
serine and threonine occurs with increased hydrolYsis time. For this 
reason, the content of ammonia increases with longer time of hydrolysis. 
The actual residue per cent of serine, threonine, and ammonia in each 
protein was obtained by extrapolation to zero time by the method of 
least squares. This method of extrapolation assumes that the decom-
position is zero order. Some investigators, for example, Hirs, have 
shown that the decomposition of these amino acids in same proteins is 
actually first order. Up to 70 hours, however, the curves obtained b,y 
these two methods do not differ significantl.y. These four rabbit 
antibodies contain considerable amounts (4 to 6 per cent) of antigen 
po17saccharide. This pol1saccharide would influence the rate of 
destruction of serine and threonine considerablY. Methionine becomes 
slowly oxidized during the course of the hydrol1'sis. Methionine sulfone 
is the probable oxidation product. No correction for decreased methio-
nine recoveries has been made. Therefore, the average values listed in 
















( pH 3.42 370 :) (; pH 4.25 500 )E-pH 4.25 75°----7 
Figure 22. Elution Curves for a 70 Hour Hydrolysate of Rabbit Antibody VII on a 
0.9 x 100 em. Column of Dowex 50. 
The ninhydrin colour yields have been corrected for base line colours but not for the 
different amino acid colour yields. The absorbancy of the proline solutions was deter-
mined at 440 lIJl: that of the other amino acids at 570 nl)1 in a Coleman junior spectrophoto-
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Figure 23. Elution Curves for the Basic Amino Acids and Ammonia for a 70 Hour Hydroly-
sate of Rabbit Antibo~ XIV on a 0.9 x 15 em. Column of Dowex 50. Baseline colour has been 
subtracted but no correction has been made for the colour yields of the different amino 







AMINO ACID RECOVERIES FROM RABBIT ANTIBODIES 
The data are presented as gut. of amino acid residue per 100 gm. of 
an~drous, ash-free protein. The nitrogen content is taken as 16.0 per 
cent. Values given in parentheses are omitted from the averages. For 
serine, threonine and ammonia, the values cited in the co111DlD. as averages 
were obtained by extrapolation to zero hydrolysis time by the method of 
least squares. 
A. Rabbi t Antibody I 
Amino acid Time of hydroiysis Average 
residue 20 hours 70 hours 
Aspartic acid 8.5.3 8.76 8.40 8.SO 8.62 i: 0.1.31. 
Threonine 11.44 10.78 9.23 9.26 ll.86 :I: 0.17 
Serine 8.70 7.86 6.50 6.11 9.07 :I: 0.31 
Glutamic acid 9.77 9.82 10.56 1l.OO 10.29 :!: 0.49 
Proline 8.18 6.71 7.09 6.59 7.14 :J: 0.52, 
Glycine 4.79 -- 4.26 4.56 4.54 :I: 0.18 
Alanine 4.78 -- 4.43 4.74 4.65 :i: 0.15 
Valine (8.01) -- 8 • .35 8.45 8.40 :t G.05 
Methionine 1.59 -- 1.18 1.06 1.28 :t 0.21 
Isoleucine (4.08) 
-- 4.47 4.02 4.25 ± 0.23 
Leucine 7.02 
-- 7.38 6.85 7.08 :I: 0.19 
Tyrosine 6.48 
--
5.61 6.03 6.04 :I: 0.29 
PheDJ"lalanine 4.25 -- 4.94 4.91 4.70 ::k 0 • .30 
Histidine 1.31 1.40 1.28 -- 1.33 :t 0.05 
Lysine 5.69 5.68 5.59 -- 5.65 ± 0.03 
Ammonia (1.81) 1.5.3 2.40 -- 1.21 --
Arginine b 4.66 4.48 4.59 -- 4.58 * 0.06 TmOPhan -- -- -- - 2.47 :t: 0.09 1 2 CystineC 
-- -- -- --
2.72 ± 0.12 
j 
B. Rabbit Antiboqy VII 
Aspartic acid 7.78 8.13 S.31 8 • .30 8.13 t O.la& 
Threonine 9.99 10.70 10.03 10.40 10.40 i 0.27 
Serine S.52 8.61 7.98 7.80 8.84 ± 0.07 
Glutamic acid 10.48 10.04 10.12 10.11 10.19 ... 0.15 
Proline 7.51 6.56 6.98 7 • .30 7.09 ± 0.32 
Glycine 4.51 4.24 4.28 4.24 4 • .32 ± 0.10 
Alanine 4.77 4.76 4.21 4.55 4.57 :t: 0.19 
Valine (7.56) (7.42) 8.20 8.54 8.37 ±,O.17 
Methionine 1 • .31 1.26 1 • .35 1.28 1.30 i 0.03 
Isoleucine (.3.19) (3.31) .3.59 .3.77 3.68 f 0.09 
Leucine 6.62 6.31 6.40 6.88 6.55 :I: 0.20 
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TABLE 27 CONT. 
Amino acid Time of hydrolYsis Average 
residue 20 hours 70 hours 
Tyrosine 5.67 6.04 5.98 5.97 5.92 ± 0.12 
Phenylalanine 4.39 4.51 4.70 4.48 4.52 :I:: 0.09 
Histidine 1.29 1.26 1.16 1.18 1.32 :I: O.02d< 
Lysine 5.70 5.55 5.74 5.S7 5.72 -!: 0.09 
Ammonia 1.43 1.45 1.91 1.95 1.24 i! 0.02 
Arginine b (3.91) 4.32 4.37 4.45 4.38 :l: 0.05 
T~toPhan -- -- - - 2.4.3 1: 0.00 
1 2 CystineC 
-- - -- --
2.79 :f:: 0.19 
c. Rabbit Antiboqy VIII 
Aspartic acid 8.28 8.12 8.51 8.3.3 8.31 + c).11 a 
Threonine 11.22 10.71 9.48 9.58 11.54 ! 0.17 
Serine 8.72 8.99 6.70 6.46 9.77 ± 0.13 
Glutamic acid 10.20 10.78 10.21 10.70 10.47 f 0.27 
Proline 8.18 7.90 7·31 -- 7.80 t 0 • .32 
Gly'cine 4.51 -- 4.28 4.27 4.35 ± 0.10 
Alanine 5.28 
-- 4.33 4.04 4.55 :t 0.49 
Valine (8.26) -- 9.10 8.91 9.01 t 0.10 
Methionine 1.09 
--
1.22 1.25 1.19 ± 0.06 
Isoleucine (3.65) 
--
3.66 3.89 3.78 ± 0.12 
Leucine 6.85 -- 6.66 6.98 6.83 ± 0.10 
Tyrosine 6.09 - 5.71 5.69 5.83 t 0.17 
PheI11'l.alanine (4.33) -- 5.20 5.55 5.38 ± 0.18 
Histidine 1.22 1.50 (1.04) 1.35 1 • .36 t 0.10 
Lysine 5.50 5.90 5.64 5.69 5.68 ± 0.11 
Ammonia (1.75) 1.55 2.11 2.29 1.25 ± 0.09 
Arginine 4.41 4.83 4.66 4.88 4.70 :I: 0.16 
Tryptophanb 
- -- -- --
2.4.3 :l: O.OS 
1/2 C7stinec -- -- -- - 2.42 ± 0.03 
D. Rabbit Antiboqy XIV 
Aspartic acid S.30 S.U 8.06 8.68 8.36 ± 8.1sa 
Threonine 10.22 10.35 9.34- 9.13 10.71 :t 0.09 
Serine 7.78 S.25 6.67 6.79 8.5.3 ± 0.17 
Glutamic acid 10.56 10.61 10.21 10.51 10.47 ± 0.13 
Proline -- 6.49 6.95 7.15 6.86 ± 0.25 
Glycine 4.37 -- 4.09 4.07 4.18 1:: 0.13 
Alanine 4.04 -- 4.35 4.70 4.36 ±: 0.22 
Valine (8.36) -- 9.01 8.61 8.81 ± 0.20 
Methionine 1.04 
--
1.09 1.28 1.14 ± 0.10 











1 2 Cystinec 
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TABLE 27 CONT. 
Time of hydrolysis 








-- 4.90 5.10 
1 • .34 1.53 1.28 1.35 
5.31 5.68 5.9.3 5.50 
1.55 1.69 2.04 2.19 
4.32 4.43 4.45 4.47 
-- - -- -
-- -- - -
Average 
6.81 ± 0.06 
6.04 ± 0.17 
4.96 t 0.09 
1 • .38 :t 0.08 
5.61 ± 0.20 
1.42 ± 0.08 
4.42 t 0.05 
2.49 f 0.01 
2.69 t 0.06 
a Average deviations. 
b Estimated co1orimetricallr by the method ot Spies (104). 
c Actual recover,r values or c.rsteic acid calculated as cystine. 
d Extrapolated value obtained by least squares. 
eluted from. Dowex 50 co1'Wl1IlS with threonine. This means that the 
apparent recover.r of threonine especially from 70 hour h7drol1'sates is 
high. These errors, however, are small compared with other errors inherent 
in the method. 
Smith and Stocke1l (99) observed progressive decomposition of serine, 
threonine, aspartic acid and lJ"sine in hydrolysates of carbox;ypeptid.ase 
and Smith, Stocke1l and Kimmel (100) reported that decomposition of 
glutamic acid as we1l as serine, threonine, lysine and aspartic acid 
occurred during the hydroly'sis of papain. Nevertheless, lysine re-
coveries from. 20 to 70 hour hydrolysates of the rabbit anti bodies do not 
differ. 
It is also apparent from these tables that the recover,y of valine 
after 20 hours of hydrolysis is incomplete. For this reason, only the 
amounts recovered from the 70 hour nydrolTsates have been included in 
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the averages. Sanger (88) has reported that peptide bonds involving the 
carboxyl group of valine are resistant to hydrol1'sis. rhe recover.r of 
isoleucine from 20 hour h;rdro17sates of rabbit aa'tribodJr VII was also 
incomplete. Therefore, the 20 hour values of isoleucine for each of the 
four antibodies have been omitted from the average. 
The values of cystine that appear in these tables are averages of 
two dete~tions of cysteic acid that have been calculated as cystine. 
These values are actual recovery values. It is known, however, that when 
a weighed amount of pure cystine is oxidized with performic acid, 
bydro:qzed for 20 hours and chromatographed on Dewex 50 with pH .3.42-
burrer, the theoretical BRlount of cysteic acid is not re~overed. The 
actual amount of c.ysteic acid recovered appears to be about 80 per cent. 
Because this factor is not accura.telJ known at present, no correction 
tor low yields of a.ysteic acid has been made. 
The tryptophan content of these four antibodies was determined 
independently. The values listed in Table 27 are each averages of two 
detenninations. 
Table 28 summarizes the caabined results of the four determinations 
on each of the four antibodies. The values for the residue per cent of 
serine and threonine are extrapolated values of the 16 determinations 
obtained by the methodef least squares. It isqaestionab1e whether the 
overall values for threonine and serine should be obta1ned in this manner. 
Because of the presence of antigen polysaccharide, the rate· of decomposi-
tion of these amino acids m&J" be different with~d1rferent preparations. 
For this reason the average of the f01lr extrapolated values is also 
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TABLE 28 
AMINO ACID COMPOSITION OF RABBIT i-GLOBULIN 
The values given are averages for rabbit antibodies I, VII, VIII 
and XIV 
Om. ot Average Gm. of Gm. of Nitrogen 
Constituent residue per cent constituent nitrogen as per 
per 100 devia- per 100 per 100 cent of 
gm. tion gm.. gm. total 
of protein of protein ot protein nitrogen 
Aspartic acid 8.,36 1.7 9.67 1.02 6.38 
Threonine 1l.22& 3.1 13.22 1.55 9.69 
Serine 9.05a 4.5 10.92 1.46 9.13 
G1.tame acid 10.36 1.2 1l.80 1.l2 7.00 
Proline 7.22 4.0 8.56 1.04 6.50 
G17cine 4.35 2 • .3 5.72 1.07 6.69 
Alanine 4.5.3 1.8 5.68 0.89 5.56 
Valine 8.65 3.0 10.22 1.22 7.6.3 
Methionine 1.2.3 4.9 1.40 0.1.3 0.81 
Isoleucine .3.79 6.1 4 • .39 0.47 2.94 
Leucine 6.82 2.1 7.90 0.84 5.25 
TJrrosine 5.96 1.3 6.62 0.51 3.19 
Phero-IaJAnine 4.89 5.7 5.49 0.47 2.94 
Histidine 1.35 1.5 1.5.3 0.41 2.56 
L7sine 5.66b 0.7 6.46b 1.24 7.75 Ammonia 1.22 0.8 1.30 1.07 6.69 
Arginine 4.52 2.7 5.04 1.62 10.13 
~OPhan 2.46 0.8 2.79 0.37 2.31 
2 Cr.!tine 2.66° 4.5 3.13 0.36 2.25 
ReDsed 0.93 6.5 1.03 
- -
Hexelamined 1.13 1.8 1.26 0.10 0.6.3 
Total 105.14 
-
122.74 16.96 106.83 
a These average values tor serine and threonine were obtained by 
extrapolating bT least squares the 16 individual determinations. It instead, 
the tour extrapolated val.es listed in Table 27 are averaged, the values 
tor gm. of amino acid residue per 100 gm. ot protein for threonine and 
serine are 1l.1.3 and 9.05 respecti vel1'. The respective average per cent 
deviationsare 5.1 and 4.1. 
b These values are omitted fram the totals. 
c This is an actual recove:r;r value. 
d These constituents were determined on whole rabbit ~-globulin. 
These are not averages of determinations on the four antibodies. 
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reported ih Table 28. The value used for grams of ammonia residue per 
100 grams of protein was determined independent~ on whole rabbit~-globu­
lin (Section IV-C,2). Because there is no greater variation between the 
results for the different antibodies than exists among different deter-
minations of an amino acid on the same antiboqy, these four antibodies 
can be considered to have the same amino acid composition. In other 
words, with the methods of analysis available to~, no differences in 
the composition of these four rabbit antibodies can be detected. How-
ever, variations of one or two amino acid residues would not be observed 
in the ~drolysates of such large protein molecules. 
It ~ not be apparent that ~he serine and threonine content of these 
four antibodies does not differ. It has been shown, however, for both 
these amino acid residues, that the F ratio (the ratio of the variance 
between the four sets to the variance within each set) is well below the 
critical value which may be exceeded only once in 20 times if these two 
variances do not differ. Therefore, the agreement between values for the 
four antibodies is acceptable as measured b.Y the agreement between 
determinations within sets. 
Rabbit ~globulin was found to contain hexose and hexosamine. The 
average values listed in Table 28 are the results of 11 determinations of 
hexose and 6 determinations of hexosamine on whole rabbit a-globulin, not 
antibo~. This carbonydrate appears to be the only non-amino acid 
constituent of rabbit t-globulin. 
It is important to realize that because no pneumococcal polysaccha-
ride-free antibo~ was available, the carbo~drate content of these four 
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antibodies has been assumed, not proven, to be identical to that of whole 
r:abbit t-globulin. This assumption is poor and should be verified. 
There are several possible w~s that the pol7saccharide m8T be linked 
to the protein. A hydro:J71 or an amino group of the sugar might be 
joined to the free carboJQ"l group of an aspartic or glutamic acid residue 
by an ester or an amide bond. Because carboxypeptidase liberates free 
amino acids fran rabbit ~-globulins, it does not seem probable that the 
terminal carboxyl group of the protein could be liJked to the polysaccha-
tide. Also, because the amino group of I-terminal alanine is available 
tor reaction with DNFB, this amino grOup cannot form part of an amide' 
bOlld with the carboJQJ'"l group of a hexuronic acid residue in the sugar. 
It is possible, however, that one or two f-amino groups of 11sine are 
involved in binding the pol7saccharide, although all, or nearl7 all, of 
these groups are available for reaction with DNFB. It should be noted 
. that there is no significant difference in the mDlber of lysine residues 
determined by the DNFB technique of Sanger (86) Table 21, and the num-
ber determined b.Y the method of Moore and Stein (62). 
As seen in Table 28, the total grams of amino acid resid~es 
recovered from 100 grams of protein are 105.14. The nitrogen recovery 
is also high. An incorrect estimation of the nitrogen content of the 
protein (16.0 per cent) would influence the weight recovery but would 
have no effect on the estimated nitrogen recover,y, since the quantity 
of protein in the bydrolysateswas estimated· from the same nitrogen 
value. Consistently low Kjeldahl nitrogen detenninations on the pro-
tein hydro17sates would produce high weight and nitrogen recoveries. 
,."" 
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Because the weight of rabbit a-globulin is camp1ete~ accounted for by 
amino acids, ammonia and carbohydrate, the partial specific volume (V) 
of this protein can be calculated. The values used for the specific vol-
umes of the amino acid residues are those given b.Y Cohn and Edsall (18). 
The amide groups have been assigned equally to asparaginyl and glutaminyl 
residues. This assignment is purely arbitrar.y. The assignment of all 
the amide groups to either asparagi~l or glutaminly residues, however, 
would not change the calculated value for the partial specific volume. 
The data in Table 29 lead to a value of 0.728 for the partial specific 
vo1\1ID.e of rabbit If-g1obulin. Cohn and Edsall (18) report an asswned 
value of V for rabbit antipneumococeus serum globulin of 0.745. This 
value is based on experimental determinations on closely related pro-
teins. 
In Table 30, tbe number of ionic groups of rabbit r-g1obulin is 
given on the assumption that a single terminal ~-carboxy1 group is present 
in the protein. This would be consistent with the single free £X-amino 
group !mown to occur (Section IV-E,.3). The isoelectric point of purified 
rabbit' antibodies to pneumococcus and egg a1b\1min bas been reported by 
Kabat and Mayer (48) to be pH 5.S. Therefore, at the isoe1ectric point, 
11 ot the 16 imidazole groups must be uncharged. 
The sulphur content of rabbit ¥-globulin determined from the eon-
tent of methionine and c,ystine (the latter corrected for 82 per cent 
recoverr) is 1 • .319 grams of sulphur per 100 grams of protein. This value 
agrees ver,y well with the value 1.39 per cent determined microanalytie~ 
by Dr. A. Elek. 
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TABLE 29 
PARTIAL SPECIFIC VOLUME OF RABBIT t-GLOBULIN 
-The values of V for the amino acid resid~es are those given by Cohn 
and Edsall (18) 
Gm. of 
- -Constituent residue V VW 
per 
100 gm. of 
protein (W) 
Aspartic acid 3.97 0.60 2.38 
Asparagine 4.40 0.62 2.73 
Threonine 11.22 0.70 7.85 
Serine 9.05 0.6'3 5.70 
Glutamic acid 5.42 0.66 3.58 
Glutamine 4.94 0.67 3.31 
Proline 7.22 '0.76 5.49 
GlJrcine 4.35 0.64 2.78 
Alanine 4.53 0.74 3.35 
Valine 8.65 0.86 7.44 
Methionine 1.23 0.75 0.92 
Isoleucine 3.79 0.90 3.41 
Leucine 6.82 0.90 6.14 
Tyrosine 5.96 0.71 4.23 
Phenylalanine 4.89 0.77 3.77 
Histidine 1.35 0.67 0.90 
Lysine 5.66 0.82 4.64 
Arginine 4.52 0.70 3.16 
T;r'toPhan 2.46 0.74 1.82 
1 2 Cystine 2.66 0.61 1.62 
Hexose 0.93 0.65 0.60 
Hexosamine 1.13 0.66 0.75 
Totar 
-76.54 + 105.14= 0.728=V 
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TABLE 30 
IONIC GROUPS OF RABBIT '-GLOBULIN 
The numher of ionic groups is calculated on the basis of a molecular 
weight of 160,000 and on the assllmption that there is a single free 0(-
carbo:xyl group to conform with the single o(-amino group· 
Number of Number of 
Acidic residues moles per Basic residues moles per 
160,000 160,000 
gm. of gm. of 
protein protein 
Aspartic acid ll6 Arginine 4.6 
Glutamic acid 128 Lysine 71 
Terminal carboxyl 1 Histidine 16 
245 Tenninal o{-amino 1 
Amide groups -122 
Total anionic 123 Total cationic 134 
groups groups 
i 
2. Abnor.mal Haman Serum Globulins 
a. Myeloma globulin A. Figures 24 and 25 are examples of typical 
elution chromatograms of a 20 hour hydrolysate of this protein. Table 
31 summarizes the recoveries of the amino acids from 20 and 70 hour 
hydrolysates as well as the extrapolated or average values for each amino 
acid residue. Because of the progressive decomposition of serine and 
threonine, the actual values of serine, threonine and ammonia were ob-
tained by the method of least squares. The ammonia content agrees with 
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Tube number 
pH 3.42 37.50 > < pH 4.25 500 ) ~ pH 4.25 750~ 
Figure 24. Elution Curves for a 20 Hour Hydro1y'sate of Myeloma Globulin A on a 0.9 x 
100 em. Column of Dowex 50. The ninhydrin colour yields have been corrected for base-line 
colours but not for the different amino acid colour yields. The absorbancy of the ninhydrin 
colour produced by proline was detennined at 440 ll1)1, by the other amino acids at 570 Dl)l in 
a Coleman junior spectrophotometer. Protein hydro1y'sate corresponding to 1.376 mg. of pro-






















( pH 6.8 ph08phate--..,.'~(------ pH-" 6.5 citrate > 
Figure 25. Elution Curves for the Basic Amino Acids and Ammonia for a 20 Hour HydrolY-
sate of Human Myeloma Globulin A on a 0.9 x 15 em. Column of Dowex 50. Base-line colour 
has been subtracted but no correction has been applied for the colour yields of the different 
amino acids." The tubes containing the constituents eluted with pH 5.0 citrate buffer have 
been omitted from this diagram. For this run, protein hydrolysate corresponding to 7.84 mg. 






AMINO ACID RECOVERIES FROM HOMAN MYELOMA 
GLOBULIN A HYDROLYSATES 
The data are presented as grams of amino acid resiaue per 100 grams 
of &nn1drous, ash-free protein. The nitrogen content is taken as 16.0 
per cent. Values given in parentheses are omitted from. the averages. For 
serine, threonine and ammonia, the values cited in the column as averages 
were obtained by e:x:t:.rapolation to zero time of hydrolysis by the method 
of least squares. 
Amino acid Time of hydrolysis Average or extra- Average 
residue 20 hour 70 hour po1ated value deviation 
Asp 7.97 7.61 - 8.27 7.95 to. 2.3 
Thr 8.57 8.90 8.25 8.7.3 8.83a 0.20 
Ser 9.38 9 • .35 8.85 9.40 9.46& 0.15 
G1u 11.03 11.54 l2.31 l2.1.3 11.75 0.47 
Pro 7.09 7.92 7.27 8.57 7.71 0.53 
Gly' .3.99 4.02 4.0.3 .3.9.3 .3.99 0.0.3 
Ala 5.11 5 • .37 5.43 4.61 5.1.3 0.27 
Val (5.70)(5.95) 7.27 7.19 7.2.3 0.04 
Met 1.02 1.11 c).88 1.05 1.02 0.06 
lIeu 2.69 2.69 2.71 2.57 2.67 4.05 
Leu 9.55 9.15 10.02 9.27 9.50 0.29 
Tyr 4.97 5.13 5 • .30 5.24 5.16 0.11 
Phe (6.1.3) 4.9.3 5 • .37 5.04 5.11 0.17 
1/2 Cysb 2.51 2.65 -- -- 2.58 0.07 
His 2.11 2.08 2.09 
--
2.09 0.01 
Ius (5 • .34)(5.04) 5.51 5.57 5.54 0.0.3 
:g (1.50) 1 • .35 1.5.3 1.46 1.29a 0.02 5.21 4.87 5.61 5 • .38 5.27 0.2.3 
Trypc 
-- - - --
1.51 to.09 
a These values were extrapolated to zero hours hydrolysis time by 
least squares. 
b Actual recover.y values. 
c Determined co1orimetrically b.Y the method of Spies (104). 
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obtained b.r this method (5.54) agrees well with the value for lysine deter-
mined by Sanger's DNFB procedure (5.62 lysine residues per 100 gm. of 
protein). The eontent of carbonydratehas not yet been determined. This 
protein, however, probably contains 1 to 3 per cent carbohydrate. Table 
32 lists the amino acid composition of ~e1oma globulin A and the nitrogen 
recovel'7. Even without a small amount of carbohydrate both the weight 
and the nitrogen recoveries are high. Possible reasons for this have been 
discussed in the preceding section. Also an incorrect assumption of the 
nitrogen content would influence the weight recovery but would have no 
effect on the per cent nitrogen recover.y, since the quantity of protein 
in the hydrolysates was estimated from the same nitrogen content (16.0 
per cent) as were the eale111ations of nitrogen recovery. A lower nit-
rogen content would lead to a weight recover.y closer to 100 per cent. 
Both the threonine and leucine content of this abnonnal globulin are 
significantly lower than values of these amino acids determined on nor-
mal globulin fractions (Table 1). The amino acid composition of this 
protein appears to be different than that of a.rrr of the lDTe10ma proteins 
recentlJr analyzed by Grisolia and Cohen (35). However, in spite of small , 
difterences in the amino acid composition of normal and abnormal f-g1obu-
lins, there exists a striking similari ty. 
b. Mze10ma globulin B. Figure 26 and 27 are examples of typical 
elution chromatograms of a 70 hour Qydrolysate of this protein. Tables 
33 and 34 summarize the data concerning the composition of the protein. 
There exist significant differences between this protein and ~e1oma 
globl1.lin A. As previously determined by end-group assq, the lysine 
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TABLE 32 
AMINO ACIn COMPOSITION OF HUMAN MYELOMA GLOBULIN A 
Amino acid Gm. residue Average Gm. a.a. 
residue per 100 gm. per cent per 100 gm. 
protein deviation protein 
Asp 7.95 2.9 9.19 
Tar 8.83a 2.3 10.40 
Ser 9.46a 1.6 11.42 
Glu 11.75 4.0 13.38 
Pro 7.71 6.9 9.14 
GJ.,- .3.99 0.8 5.25 
Ala 5.13 5.3 6.43 
Val 7.23 0.6 8.54 
Met 1.02 15.9 1.16 
Ileu 2.67 1.9 3.10 
Leu 9.50 3.1 11.01 
Tyr 5.16 2.1 5.73 
Phe 5.11 3 • .3 5.74 
His 2.09 0.5 2 • .36 
Lye 5.54 0.5 6.32 
NH3 1.29a,b 1.6 1.37b 
Arg 5.27d 4.4 5.88 i/r Cye 1.51 6.0 1.66 2.58° 2.7 3.03 
Totale 102.50 119.74 
a These values are extrapolated values. 

























C This value is an average of actual recover.y values. 

























e These totals may be incorrect because of errors made in the 
assumption of the nitrogen content as 16.0 per cent and in the determination 
of nitrogen in hydrolysates by the Kjeldahl procedure. At present an 
effort is being made to eliminate ,these errors. 
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( pH 3042 37.5° ) ( pH 4.25 50° ) ~pH 4.25 75°~ 
Figure 26. Elution Curves for a 70 Hour Hydro17sate of Human Myeloma. Globulin B on a 
0.9 x 100 em. Column of Dowex 50. Base-line colours have been subtracted but no correction 
has been applied for the colour yields of the different amino acids. The proline colour 
was read at 440 .,; .the colours ot the other amino acids at 570.. For this run, 1.29 























pH 6.8 phosphate ) ( pH, 6.5 c;trate ) 
Figure 27. Elution Curves for the Basic Amino Acids and Ammonia for a 70 Hour Hydroly-
sate of Human Myeloma Globulin B on a 0.9 x 15 em. Dowex 50 Column. Base-line colour has 
been s.btracted, but no correction ha~ been applied for the colour yields of the different 
constituents. For this ran, hydrolysate corresponding to 8.60 mg. of protein was used. 
The tubes containing constituents eluted fram the column by pH 5.0 citrate buffer have been 





AMINO ACID RECOVERIES FROM HOMAN MYELOMA 
GLOBULIN B HYDROLYSATES 
The data are presented as grams of amino acid residue per 100 grams 
of annrdrous ash-free protein. The nitrogen content is taken as 16.0 per 
cent. Values given in parentheses are omitted f~ the averages. For 
serine, threonine, methionine and ammonia, the values cited in the columns 
as averages were obtained by extrapolation to zero time of hydrolysis by 
the method of least squares. 
Amino acid Time of hJ drolysis IAverage or 
residue 20 hour 70 hour ~xtrapolated 
value 
Asp 9 • .32 9.14 9.21 8.97 9.16 to.1la 
Thr 6.87 6.63 6.65 6.5.6 6.81 0.08 
Ser 10.05 9.99 8.00 8.l2 10.80 0.05 
G1u 1l.22 1l.O6 11.76 11.68 11.4.3 0.29 
Pro 6.28 6.44 6.46 (8.01) 6.39 0.08 
Gly .3.90 3.88 4.18 4 • .37 4.08 0.19 
Ala 4 • .30 4.01 4.32 4.16 4.20 O.ll 
Val (6.91) (6.81) 10.19 8.84 9.52 0.68 
Met 1.42 1 • .31 0.96 1.l2 1.50 0.07 
I1eu (2.03) (2.20) 2.57 2.45 2.51 0.06 
Leu 8.58 8.90 8.84 9.29 8.90 0.19 
'r7r 7.58 6.77 7.26 7.16 7.19 0.2.3 
Phe 6.10 5.35 5.18 5.01 5.41 0.34 
1/2 Cysc 1.94 1.99 -- -- 1.96 0.0.3 
His 2.28 2.22 2 • .37 2.30 2.29 0.04 
17s 7.81 7.84- 8.06 8.36 8.02 0.19 0, 1.31 -- 1.91 1.89 1.07 0.01 
Arg 4.90 5.42 5.64 5.26 5 • .30 0.22 
Tl7Pb -- -- - -- 1.48 : 0.19 
a Average deviations. 
b Estimated co1orimetriea1lT by the method of Spies (104). 
c Actual recover,y values of c,ysteic acid calculated as cystine. 
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TABLE 34 
AMINO ACID COMPOSITION OF HUMAN MYELOMA GLOBULIN B 
Amino acid Om. residu.e Average Gm. component Gm. N N as 
residue per 100 gm. per cent per 100 gm. per 100 per cent 
protein deviation protein gm. o! t'otal 
protein N 
Asp 9.16 1.2 10.59 1.11 6.94 
Thr 6.81a 1.2 8002 0.94 5.88 
Ser 10.goa. 0.5 13.03 1.74 10.88 
Glu 11.43 2.5 13.02 1.24 7.75 
Pro 6.39 1.2 7.57 0.92 5.75 
Gly 4.08 4.6 5.37 1.00 6.25 
Ala 4.20 2.6 5.26 0.83 5.19 
Val 9.52 7.1 ll.25 1.34 8.38 
Met 7.50a 4.7 1.70 0.16 1.00 
neu 2.51 2.4 2.91 0.31 1.94 
Leu 8.90 2.1 10.32 1.10 6.88 
T7r 7.19 3.2 7.98 0.62 3.88 
Phe 5.41 6.3 6.07 0.51 3.19 
1/2 eys 1.96c 1.5 2030 0.27 1.69 
His 2.29 1.7 2.59 0.70 4.38 
~s 8.02 2.4 9.15 1.75 10.94 
NH3 1.07a,b 0.9 1.14b 0.94 5.88 
Arg 5.30 4.2 5.91 1.90 11.88 
Tryp 1.4Sd 12.8 1.62 0.22 1.38 
Totale 106.95 124.66 17.60 110.06 
a These values were obtained by extrapolation by the method of least 
squares. 
b These values are omitted from the tot81s. 
C This figure is the average of actual recoveries. 
d Determined colorimetrica~ by the method of Spies (104). 
e See footnote e, Table 32. 
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content of myeloma globulin B is much higher. The content of aspartic acid. 
serine. proline. valine and tyrosine is also quite dissimilar. 
It is not unexpected that abnor.mal ¥-globulins and normal (-globulin 
fractions should var,y to some extent in their amino acid content when they 
are compared to whole nor.mal (-globulin. It is well known that normal 
human ~-globulin is indeed a mixture of ma~ proteins. The possibility 
exists that the abnormal my-eloma proteins are the same as some of the 
normally occurring serum globulins. Immunological experiments have been 
reported hi Kunkel et al. (51) that demonstrate that some myeloma proteins 
are related to at least a part of nonnal t-globulin_ These workers have 
shown that rabbit antisera against human ~-globulins II-1.2 and II-3 
both reacted with the sera of four multiple myeloma patients. These 
sera contained abnormal t-globulins. A fifth sera containing an abnormal 
P-globulin did not react with either antiserum. Adsorption of the anti-
serum with purified myeloma (-globulins failed to remove all the anti-
boqy activity_ Also. rabbit antisera against a myeloma protein pre-
cipitated with normal )I-globulin. 
v • CONCLUSIONS 
From the preceding presentation of data it is evident that different 
species of animals produce different kinds of 1-g1obulins. The rabbit, 
normal or i:mmune, produces onl.;r one type of t-globulin molecule, a single 
polYPeptide chain. The human, on the other hand, manufactures a number 
of different t-globulin mQleeules, some of which appear to be composed 
ot two or three polypeptide chains. It is notewortb7 that although human 
~-globulin is definitel1 a mixture ot proteins, the majority of these 
proteins have aspartic or glutamic acid, or both, as their I-terminal 
residues. Even three abnormal human t-globulins studied possessed one or 
both of these N-terminal residues. Bovine and equine serum globulins are 
also a mi:x:t,ure of .many proteins. They differ from htt.m.an)' -globulins, 
however, being mixtures of proteins with a great diversity of N-terminal 
amino acid residues. 
What do these facts mean with respect to the formation of antibodies? 
It is, perhaps, wisest to consider first the formation of rabbit antibodies 
which do not differ chemieal~ from normal rabbit t-globulin and later dis-
cuss the apparently more complex situation of antibody' formation occurring 
in the human, horse and cow. 
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A. Rabbit Antibodies and t-Globulins 
Antibodies produced in rabbits to various antigens have been found to 
be indistinguishable by ultracentrifugal and electrophoretic studies fram 
normal rabbit (-globulin. Four different rabbit antibodies have been shown 
to be of the same amino acid composition and to possess the same N-ter.m1nal 
sequence of amino acid residues. As pointed out by Porter (80), 195 penta-
peptides could theoretic~ occupy the terminal position of a molecule 
the size of rabbit (7globulin. Therefore, it does not seem unreasonable 
to assume that the compl~te sequence of amino acids in all rabbit Y-globu-
lin molecules is the same. This assumption will be even more valid if 
it is possible to demonstrate that the C-terminal sequence of normal and 
antiboq, globulin does not differ. If rabbit antibodies are chemic~ 
identical with rabbit)' -globulin, the serolo~ica1 distinction of anti-
bodies can only be due to certain variations' in the configuration of the 
normal globulin molecule. It is entire~ possible, of course, that the 
specificity of antibodies is due not to the protein portion of the molecule 
but to the antibody' carbohydrate. The only experiments which can be counted 
as evidence in this direction were performed by Peterman and Pappenheimer 
(77) who showed that after diphtheria antitoxin had been digested with 
pepSin, the fraction still possessing antitoxic activity was nearl7 4 per 
cent carbohydrate. Northrop (67) later showed that crystalline diphtheria 
antitoxin contained only 2 per cent carbohydrate. In this present dis-
c.ssion, however, the role of carbo~drate in antiboq, specificity will not 
be considered. The experiments of Heidelberger at al. (44) as well as the 
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work of Green and Anker on the incorporation of labelled amino acids into 
antibody and serum proteins conclusively shows that ¥ -globulin in the serum 
is not unfolded and then refolded to produce antibody. Therefore, it seems 
logical to accept Paulingts (74) hypothesis that normal and immune (-globu-
lins are formed from the same uncoiled po~eptide precursor, and in the 
presence of antigen the uncoiled chain assumes a folded structure that is 
complementar.r in shape to the antigenic determinant groups. 
Antiboqy ~thesis, like ~ type of protein s,ynthesis, probably 
occurs as a two-phase process. In the first phase, free amino acids or 
peptides combine to form a long polypeptide chain. Necessarily, an enz,yme 
s.ystem must overcome the activation energy needed for the synthesis of 
the peptide bonds. Haurowitz (37) does not attribute the specific order 
of the amino acids to the action of an enzyme system but rather to the 
existence of a template or "organizer". The second step in the s,rnthesis 
of antiboq, or no~l globulin concerns the folding of the polypeptide 
chain into a globular protein molecule. An antigen would, therefore, 
appear to influence o~ the second phase of this process. This influ-
ence could be due to the polar groupings present in all known antigenic 
substances. The electrostatic forces of these groups could act on adja-
cent amino acid residues in the uncoiled or partia~ coiled polypeptide 
chain thus determining the ultimate configuration of that part of the mole-
cule. 
All these postulations necessitate the persistence of antigen, or at 
least of antigenic determinant groups, within the cell throughout the 
period of antibody production. Although there is no direct evidence for 
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this, especially in cases of life-time immunity, it is possible that the 
failure of investigators to detect the presence of antigenic agents is due 
onl1 to the insensitivity of the available analytical techniques. On the 
other hand, Libby (54) has shown that when antigens labelled with radio-
active atoms have disappeared from the host, the production of antibodies 
to those antigens is no longer detectable. 
Before the question of antiboqy formation in the absence of antigen 
is considered, an analysis of the data obtained concerning (-globulins of 
species other than rabbit should be perfonned. 
B. Equine and Bovine Anti bodies and 'If -Globulins 
End group analysis has proven what physical and innnunological studies 
had indicated; normal and immune equine and bovine serum globulins are 
m:1.xf:,ures of ma.IlJ" different proteins. Whether these proteins differ by 
more than one or two amino acid residues cannot at present be determined. 
The existence of ~ proteins, at first thought, may seem to contribute 
evidence against a theor.y of antiboqy formation involving merely the fold-
ing of a preformed polypeptide chain. Each protein in the heterogeneous 
mixture could possibly be a single type of antibo~ that had been synthesi-
zed under the influence of its respective antigen. This idea loses credi-
bility with the knowledge that a specifically precipitated equine antibo~ 
is also a mixture of many proteins. A more plausible explanation can be 
derived by assuming that the horse normally produces many similar serum 
globulins. One or many fairl1 long peptide sequences m~ be common to 
all these proteins. Under the influence of the polar groups of an antigen, 
-125-
a~ or all of these types of molecules in their unfolded form may assume 
a configuration complementar,r to the determinant group on the antigen. 
Such an hypothesis would also explain w~ certain antibodies, for example, 
tetanus antitoxin, occur in equine T-, i-' -, and Y -globulin fractions. Some 
proteins in each of these fractions apparently possess a suitable amino 
acid sequence for the prOduction of a configuration of complementar,y shape 
and charge distribution to the antigenic determinant group. Equine anti-
pneumococcal antibodies, however, occur only in the Y-globulin fraction 
suggesting that only the ~-globulins are capable of assuming the required 
spatial configurations. Of course, it is possible that if different bo~ 
cells are responsible for the synthesis of different.· globulins, only the 
1-g1obulin-producing cells are capable of "trapping" these pne\1m.ococca1 
antigens. 
The observed multiplicity of antibodies to a single antigen can also 
be due to the fact that antibodies are comp1ementarily adapted to different 
portions of the antigen molecule. As was pointed out earlier, Cann (17) 
has separated by electrophoresis convection, two different antibodies to 
bovine globu1in-azophe~larsonate. It is also reasonable to believe that 
certairi globulins are capable of forming better antibodies than others. 
Haurowitz (:36) believes that all the "intennediates between normal serum 
. globulins and well adapted antibodies are present in immune sera". Figure 
28 presents Haurowitzt (36) idea of well adapted. poorly adapted and ideal 
antibodies. 
It is not too surprising that the quantitative spectrum of DNP-amino 
acids recovered from a specific equine antibo~ differs from that of 
Determ:iIJant group 







Figure 28. Types of Antibodies Formed to a Phe~larsonic Acid 
Grc .. p. These drawings are copied from Haurowitz (36). 
whole equine ¥-globulin. In the case of the equine antibodJr against Type 
III pneumococcal polysaccharide, ({-globulin precursors with N-terminal 
alanine residues are apparently preferentiallY or most easi~ adapted to 
the shape or the determinant group or groups on the antigen. 
Because of the limited investigation of bovine serum globulins, 
little can be said. Normal, as well as hy'perimmune bovine )( -globulin is 
a mix:ture of lD&Il7 proteins. ~ conjectures ,can be made concerning the 
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nature of single bovine antibodies. It seems probable, however, that bovine, 
like equine antibodies will also be found. to be mixtures of many proteins. 
c. H1lU'll8.n )'-G1obulins 
Aspartic and glutamic acid were the onlY amino acids found to be N-
terminal residues of normal and abnormal ~ -globulins. Putnam (83) has 
reported the occurrence of a ~eloma t-globulin with neither of these 
amino acids in the N-terminal positions. These end-groap determinations 
prove that normal human ~-globulin is a mixture of several different mole-
cular species. They also show that some of the moleeules are composed 
of two or more polypeptide chains. The human multiple my-eloma globulins 
~ed to date, with the exception of cr,yoglobulin B, appear to be 
homogeneous. Cr,yog1obulin B, however, is certainlY a mixture of at least 
two proteins. 
It would appear that llITeloma patients protaselT synthesize only one 
or two of the normally occurring molecules. (Multiple myeloma patients 
have been known to have sermn proteins that were 52 per cent ~ -globulin. 
Normal serum protein is about 12 per cent ¥-globulin.) Until an improved 
method of chromatography or electrophoresis makes possible the separa-
tion of human O-globulin into its constituent proteins, it will be impos-
sible to decide if the abnormal i-globulins found in the sera of patients 
with multiple ~eloma are also found in smaller quantities in normal sera. 
Because there is some evidence that antibodies are produced by 
plasma cells or their precursors (28,29), and because l1'\1eloma proteins 
are produced during the rapid proliferation of these cells, there llJI!J.Y 
-128-
possibly be some relation between these two types of proteins. In this 
disease the plasma cells apparently are influenced in some wa:r that results 
in the production of great amounts of one or two globulins. Could an 
antigen also stimulate these cells to produce one globulin, a specific 
antibody? It would be interesting to determine whether or not a specific 
antibody from human immune sera is a single protein. More than likeJ.T, 
however, the same situation would be found for the human as was observed 
for the horse. 
D. The Formation or Anti bodies 
In the foregoing discussion, data have been presented in support of 
a theol'7 of antibody production proposed by Pauling (74). This theory 
assumes that antigens influence the folding of the globulin molecule 
thus causing the production of specific antibodies. Burnet and Fenner 
(12) have objected to this theory on the grounds that antibodT produc-
tion is known to continue when antigen can no longer be detected in the 
body. This objection has been discussed in Section V-A. They also 
believe that the theol'7 or Patlling cannot explain the phenomenon of the 
accelerated secondar,y response to the antigen. This objection is 
questionable, however. It is possible that cells alread1' producing 
antibody and therefore, containing it, m&7 be better capable of "trap-
ping" the specific antigen. 
It has definitely been established that normal rabbit 1-globulin 
and antibody globulin do not differ. Therefore, in the case of antibody 
for.mation in the rabbit, the antigen-modified enzymes or Radaptive 
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enz)'mes" post~ated by Burnet and Fenner (12) must influence only the mode 
of folding or coiling of the (f-glebulin precursor. Whether the antigen 
itself or an antigen-produced substance controls the folding and spatial 
configuration of an antibo~ cannot be decided. 
The basic weakness in Burnet ts theor.r would seem. to be the fact that 
there is no evidence fer en~e adaptation of this kind in other fields. 
Although the occurrence of "adaptive en~es" has been reported b.Y 
Spiegelman (101,102,103) and others, the substrates of all these "adap-
tive enzymes" are naturall1 occwrTing compounds closely related in 
stracture to the substrate of a no~ occurring enzyme. It seems hard 
to imagine that an antigen coald be able to modif7 an enZ1Dle to pro-
duce antibodies against such compounds as arsanilic acid, or other s,rnthe-
tic d;res. 
The data obtained in this research sapport Pauling's theor,y of 
antibodT fomation. However, they do not disprove Barnet's theory if it 
is interpreted to mean that an antigen does not init1a te the prod:a.ction of 
a chemicall.7 different protein bat merelT modifies an enzyme system to 
produce a globulin that is folded in a new way. If all protein synthesis 
is considered to occur in two steps, first, the prodnction of an uncoiled 
polJpeptide chain and secondlr, the folding of this chain into a stable 
configuration, Barnetts "adaptive en~es" must influence only the 
second step. 
The decision of whether the antigen itself influences the configura-
tion of its specific antibo~ as Pauling believes or the antigen stimu-
lates the formation of another molecule for this purpose as Burnet postu-
lates can not be made on the basis of the chemistr,r of antibodies. 
VI. StJMMA.R:r 
1. Eight immune rabbit ¥-globulins and three abnormal human ~e1oma 
¥-globulins have been characterized bY' electrophoretic and ultracentri-
fugal studies. 
2. Eight specific pneumococcal polYsaccharide-rabbit antiboqy precipitates 
as well as normal. and bTPer:immu.ne rabbit t -globulins were prepared • 
.3. The 2,4-dinitrof1uorobensene technique described bY' Sanger (86) was 
used to determine the free amino groaps of several rabbit, human, bovine 
and equine serum globulin preparations. 
All the rabbit ¥-globulins possess one N-terminal alanine residue 
and 70 lTsine residues. DIP-aspartic acid isolated from everr b7droly-
sate of DIP-rabbit ~-globulin suggests the presence of a labile bond 
involving the amino group ot an aspart,.l residue. 
Haman¥-globul1n II-l,2 has one N-terminal aspartic acid residue 
and two I-terminal glutamic acid residues; h'W1l&ll't-globulin II-.3, one 
aspartic and one glutamic acid as N-termina1 residues. These findings 
suggest that human ~-globulin is a mixture of several difterent proteins, 
some composed ot two or more po~eptide chains. The two t-globulins 
isolated from the sera of multiple ~e1oma patients each has two N-
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terminal glutamic acids. The lYsine content of these proteins, however, 
differs. A purified cr,yoglobulin has approximatelY 1.5 moles each of N-
terminal aspartic and glutamic acid residues indicating that it also is 
a mixture of at least two ¥-globuiins. 
The hydro17sates of DNP-deri vati ves of bovine and equine serwn 
globulins as well as a specifically precipitated equine antibo~ contained 
several DNP-amino acids each present in less than a molar quantity. This 
suggests that bovine and equine serum globulin like human ~-globulin is 
a mixture of maqy proteins which differ in the nature of their N-terminal 
residues. 
4. The I-terminal sequence of amino acid residues in four specific 
rabbit antibodies was determined by methods described by Sanger (87) and 
Porter (80,82). The sequence alaJ::G"lleuC1'lvaly'laspartylglutaJlJ1'l which 
occurs in rabbit antiovalbundn (80) and normal rabbit Y-globu1in occurs 
in each of these antibodies suggesting that onlY one species of 2(-globulin 
is produced by the rabbit. 
5. Amino ac1ds are hy'drolyzed from human and rabbit i-globulins by' carbo~­
peptida:se. These proteins, therefore, apparentlY have one or more free 
0{ -carbo:lQ"l groups. 
6. The amino acid composition of four rabbit antibodies and two human 
lQ'eloma )I-globulins has been detemined mainlT by' chromatography of h1'droly-
sates of the proteins on columns of Dowex 50 (62). No difference in the 
composition of the rabbit antibodies was found. The abnormal human t-globu-
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lins differ significantly from each other and from normal human ¥-globu-
. 
lin. 
7. The significance of these data has been discussed in ter.ms of the 
current theories of antiboqy formation. 
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